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_  - DEFINITIONS. 
Art. 1. FP HE ſcience which treats of the nature 

2 and properties of Fluids has been uſually 
divided into the following branches; Hydroftatics, 
which compriſes the doctrine of the equilibrium of 
non- elafic fluids, as water, mercury, &c. ; Hyaranlics, 
which relates to the motion of thoſe fluids ; and 
Pneumatics. which treats on the properties of the dif- 
ferent kinds of airs. But theſe are now all included 
under the general term Hydro/tatics. 

2. A Fluid is a body whoſe parts are put in motion 
one amongſt another by any force imprefſed;. and 
which, when the impreſſed force is ee reſtores 
itſelf to it's former ſtate *. N 


Fluids may be divided | '4tO e and e 
An 


” By it's ft 5 mer fate, ws 40 not mean that every particle is 
re-inſtated in it's former ſituation, but that the whom: 5 recoygrs 
it's former dimenſions and figure. 


Vor. TH, + A 
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IY DEFINITIONS. 
An elaſtic fluid is one, whoſe dimenſions are diminiſhed 


by increaſing the prefſure, and increaſed by diminiſh- 
ing the preſſure upon it; of which deſcription are the 


different kinds of airs. A non-elaſtic fluid is one, whoſe 
dimenſions are not, at leaſt as to ſenſe, affected by 
any increaſe of preſſure, as water, mercury, &c. As 
many bodies, by cold, from a ſtate of fluidity become 
ſolids, ſuch bodies are fluids ſo long as their ſur- 


faces, when diſturbed, will reftore themſelves to their 


former poſition. | The definition ſuppoſes a partial 


preſſure; for if the fluid be incompreſſible, under an 


' equal and general preſſure none of the parts will be 

moved. Different fluids have different degrees of 
fluidity, according to the facility with which the 
particles are moved one amongſt another. Water and 


mercury are the moſt perfect non-elaſtic fluids. 


Many fluids have a very ſenſible degree of tenacity, 
and are therefore called imperfe& fluids. Beſides the 


fluids which come under this definition, there are 


others, as the electric and magnetic fluid, light, and 
fire, according to the opinion of ſome, &c. but theſe 
are not the objects of Hydroftatics. _ 
3. The ſpecific gravity of a body is it's weight, 
compared with the weight of another ogy whoſe 
magnitude is the ſame. 
4. The denjity of a body is as the quantity of 
matter contained in a given ſpace, and therefore 
(Mech. Art. 26) in proportion to it's weight, when 
the magnitude 1s the ſame. 

5. Cor. Hence the ſpecific gravity of a body i is in 
proportion to it's denſity. 

A cubic inch of pure mercury is about fourteen 


times heavier than a cubic inch of water; the ſpecific 


gravity 


„ E' 


DEFINITIONS. 3 


gravity and denfi ity of the former are e als 


| fourteen times that of the latter. As the weight of a 


body is in proportion to it's quantity of matter (Me- 


chanics, Art. 26), the ſpecific gravity and denſity of a 


body are alſo in proportion to it's quantity of matter, 
when the magnitude is the ſame. 
6. If the magnitude of a body be increaſed, the 


denſity remaining the ſame, the quantity of matter, 
and conſequently the weight, will be increaſed in the 


ſame proportion. Hence if the magnitude M, and 
denfity D both vary, the quantity of matter, and 
conſequently the weight of the body, will vary as M 
* D, by the compoſition of ratios. 

7. We know ſo little of the nature and conſtitution 
of fluids, that the application of the general principles 
of motion to the inveſtigation of the effects produced 
by their action, is ſubject to great uncertainty. That 
the different kinds of airs are conſtituted of particles 


L endued with repulſive powers, is manifeſt from their 
expanſion, when the force with which they are com- 


prefled is removed. The particles being kept at a diſ- 


' tance by their mutual repulſion, it is eaſiy to conceive 


that they may move very freely amongſt each other, 
and that this motion may take place in all directions, 
each particle exerting it's repulſive power equally on 
all fides. Thus far we are acquainted with the con- 
ſtitution of theſe fluids; but with what degree of 
facility the particles move, and how this may be 
affected under different degrees of compreſſion, are 
circumſtances of which we are totally ignorant. With 
reſpect to the nature of thoſe fluids which are deno- 
minated liquids, we are ſtill leſs acquainted. If we 


ſuppoſe their particles to be in contact, it is very diffi- 
Az | © cult 
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4 DEFINITIONS. 


cult to conceive how they can move amongſt each 


other with ſuch extreme facility, and produce effects in 
directions oppoſite to the impreſſed force, without any 


ſenſible loſs of motion. To account for this, the 
particles have, by ſome, been ſuppoſed to be perfectly 


ſmooth and ſpherical. If we were to admit this ſup- 
poſition, it would yet remain to be ſhown how it 
would ſolve all the phænomena, for it is by no means 


ſelf-evident that it would. If the particles be not in 


contact, they muſt be kept at a diſtance by ſome 


repulſive power. But it is manifeſt that theſe particles 
attract each other, from the drops of all perfect fluids 


endeavouring to form themſelves into ſpheres. We 
muſt therefore admit in this caſe both powers, and that 


where one power ends the other begins, agreeable to 


Sir I. NEwToN's * idea of what takes place, not only 


in reſpect to the conſtituent particles of bodies, but to 


the bodies themſelves. The incompreſſibility of liquids 
(for I know no deciſive experiments which have proved 
them to be compreſſible) ſeems moſt to favour-the 
former ſuppoſition, unleſs we admit, in the latter hy- 


potheſis, that the repulſive force is greater than any 


human power which can be applied. The expanſion 
of water by heat, and the poſſibility of actually con- 
verting it into two permanent elaſtic fluids, according 
to ſome late experiments, ſeem to prove that a repul- 
ſive power exiſts between the particles, for it is hard 
to conceive that heat can actually create any ſuch new 
powers, or that it can of itſelf produce any ſuch 

effects. 
A fluid being compoſed of an indefinite number of 
corpuſcles, we muſt conſider it's action, either as the 
| joint 

* See his Optics, Que. 31. 
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| DEFINITIONS. be” 5 
joint action of all the corpuſcles, eſtimated as ſo many 


diſtinct bodies, or we muſt conſider the action of the 
whole as a maſs, or as one body. In the former caſe, 
the motion of the particles being ſubject to no regu- 
larity, or at leaſt to none that can be diſcovered by any 
experiments, it is impoſſible, from this conſideration 
to compute the effect; for no calculation of effects 
can be applied, when produced by cauſes which are 
ſubject to no law. And in the latter caſe, the effects 
of the action of one fluid upon another differ ſo much, 
in many reſpects, from what would be it's action as a 
ſolid body, that a computation of it's effects can by 
no means be deduced from the ſame principles. In 
mechanics, no equilibrium can take place between two 
bodies of different weights, unleſs the lighter acts at 
ſome mechanical advantage; but in hydroſtatics, a 
very ſmall weight of fluid may, without it's acting at 
any mechanical advantage whatever, be made to 
balance a weight of any magnitude. In mechanics, 
bodies act only in the direction of gravity; but the 
property which fluids have of acting equally in all 
directions, produces effects of ſuch an extraordinary 
nature, as to ſurpaſs the power of inveſtigation. The 
indefinitely ſmall corpuſcles of which a fluid is com- 
poſed, probably poſſeſs the ſame powers, and would 
be ſubject to the ſame laws of motion, as bodies of 
finite magnitudes, could any two of them act upon 
each other by contact; but this is a circumſtance 
which certainly never takes place in any of the aerial 
fluids, and probably not in any liquids. Under the 


circumſtances, therefore, of an indefinite number of 


bodies acting upon each other by repulſive powers, or 
by abſolute contact, under the uncertainty of the fric- 
| 4 3 tion 
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6 . DEFINITIONS: 
tion which may take place, and of what variation. of 
effects may be produced by different degrees of 


compreſſion, the concluſions deduced from any theory - 


muſt be ſubject to conſiderable errors, except from 


that which is founded upon ſuch experiments, as in- 


clude in them the conſequences of thoſe principles 
which are liable to any degree of uncertainty. 
Sir I. NEwToON ſeems to have been well aware of 


all theſe difficulties, and therefore, in his Principia, he 


has deduced his laws of reſiſtance, and the principles 
upon which the times of emptying veſſels are founded, 
entirely from experiment. He was too cautious to 


truſt to theory alone, under all the uncertainties to 


which, he appears to have been ſenſible, it muſt be 


ſubject. He had, in a preceding part of that great 
work, deduced the general principles of motion, and 
applied them to the ſolution of problems which had 
never before been attempted ; but when he came to 


treat of fluids, he ſaw it was neceſſary to eſtabliſh his 
principles upon experiments ; principles, not indeed 
mathematically true, like his general principles of 
motion before delivered, but, under certain limita- 
tions, ſufficiently accurate for practical purpoſes. The 
principles therefore upon which we reaſon in this 
branch of philofophy, muſt be conſidered as depending 
upon direct experiments adapted to the particular 
caſes, rather than upon the general principles of equi- 
librium and motion, as applied in Mechanics. 


SECTION 


an... 


SECTION I. 


ON THE PRESSURE OF NON-ELASTIC 
FLUIDS. 


Prop, I. 
F. LVD preſs equally in all directious. 


8. For if any liquid be put into a veſſel, and glaſs 


tubes, ſtraight, or bent at any angle, be put into 
the fluid, the fluid will riſe in all the tubes to the 


height of the ſurface of the liquid in the veſſel. Alſo, 
a veſſel is found to empty itſelf in the ſame time through - 
an hole at the ſame depth, whether the fluid ſpouts 


downwards, horizontally, upwards, or 1n * other 


direction. 
9. That the preſſure upwards i is equal t to the preſ- 


ſure downwards, is one of the moſt extraordinary pro- 
perties of fluids, and can be conceived to ariſe only 
from the perfect freedom with which t the particles 
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move amongſt each other, which freedom of motion 
3s; probably, owing to the particles being kept at a 


diſtance by a repulſive power reſiding in them. This 


is one remarkable difference between fluids and ſolids, 


ſolids prefling only downwards in the direction of 


gravity. 


Prop. II. 
The preſſure upon any particle of a fluid, whoſe denſity 


zs uniform, is in proportion to it's perpendicular diftance 


from the ſurface of the fluid. 
Caſe 1. Let ABCD be a veſſel filled with ſuch 


a fluid, and draw xz perpendicular to the horizon. 


Now the preſſure is in proportion to the weight, or 
number of incumbent particles; and as the denſity of 


the fluid is uniform, and conſequently all the particles 
are at the ſame diſtance from each other, we have xy : 
x2 :: the number of particles incumbent upon y: the 
number incumbent upon 2 :: 14 PREY on y : the 
preſſure on 2. 

Caſe 2. Hence if the ſides of the veſſel ABCD be 
not perpendicular to the bottom, the preſſure upon 
any 


8 * F 
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any point of BC will {till be in proportion to it's per- 
pendicular depth, For produce DA to a, and draw 
Ba, Cc pependicular to Da; and conceive DaBC to 
be a veſſel filled with the fame fluid; then the preſſure 


on 2 is as xx, there being actually that perpendicular 
depth of the fluid incumbent upon it. Now inſtead of 
ſuppoſing the fluid ABCD to be kept in it's poſition 


by the other part of the fluid Aa B, conceive it to be 


kept in that poſition by the ſide 4B of the veſſel, and 
the effect muſt remain the ſame; for it can manifeſtly 


make no difference, by what body the fluid ABCD is 
kept in it's place. Hence, whatever be the form of 
the ſides, the preſſure on BC will be the ſame as if the 
ſides were perpendicular to the ſurface of the fluid, 


and the perpendicular height the ſame. 

11. That the preſſure at any point x is equivalent 
to the weight of a column x2, appears from this expe- 
riment, that if any where in AB, an hole be made 
perpendicular to Aa, a perfect fluid will ſpout upwards 
very nearly as far as Aa, the defect being no more 


than what may be N to ariſe from the reliſtance | 
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_ : | ON THE PRESSURE OF 
of | the air, and the falling back of the upper parts of 


* N 1 7 


the fluid. The want therefore of an actually incumbent 
column x2 of fluid at any point æ of AB is ſupplied 
by the reaction of the fide 4B downwards againſt the 
fluid. Alſo, let any two tubes be connected, and 
however they may differ in magnitude or inclination, 
if a fluid be put into one, it will always riſe to the 
fame perpendicular altitude in the other. Theſe ex- 
periments therefore alſo prove, that fluids preſs 1 in 
proportion to their perpendicular depths. 
12. Upon theſe two principles, that fluids preſs 
equally i in all directions, and in proportion to their 
perpendicular depths, depends the explanation of 
the following experiment, called the hydroftatical 
Paradox. AB, CD are two round parallel boards, 
connected by leather like a pair of bellows ; z xv is a 
braſs pipe entering into the cavity, and into which 
the glaſs tube zr is fixed. Through an orifice at 9 
a quantity of water is poured in, to keep the top and 
bottom at ſome diſtance from each other, and then it 
is ſtopped by a ſcrew. Now let a very large weight W 
be laid upon the top AB, and the water in the tube 


will riſe to ſome height xy and- there it will reſt, the 
mall 


NON-ELASTIC FLUID 11 


ſmall weight of water in xy balancing the weight , 
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which may be 1000 or 10000 times greater than the 
weight of that water, according to the ſize of the tube; 
and this weight V will always be found equal to the 
weight of a cylinder AB FE of fluid, whoſe ſurface EF 
is upon a level with y. The principles before men- 
tioned will thus explain this extraordinary circum- 
ſtance. The fluid at x, the bottom of the tube, 1s 
preſſed with a force proportional to the perpendicular 
altitude xy; this preflure is communicated horizontally 
in the direction x DC to all the particles, and the 
preſſure ſo communicated acts equally in all direc- 
tions; the preſſure therefore downwards upon the 
bottom DC is juſt the ſame as it would be, if DEFC 
were a cylinder of water; and it is manifeſt that if we 
take away the part ABFE, and place an equal weight 
to act upon the other part ABCD, the effect will 
remain the ſame, or there will be an equilibrium. 


PROP. 


12 oN THE PRESSURE OF 


Pur. III. 
The ſurface of every fluid at reft is horizontal. 


13. For conceive the furface AD not to be hori- 


zontal, and draw Ans parallel to the horizon, and mn, 
75 perpendicular, to it. Then (Art. 10) the preſſures 
at 5 and u are as 7s and nn; and (Art. 8) fluids 
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preſſing equally in all directions, the particle at 2 
would be driven towards A; the fluid therefore would 
not remain at reſt. But when 4B becomes hori- 
zontal, theſe preſſures become 2 and the fluid 
remains at reſt. 

14. Cor. In like manner it appears, that if there 
be two fluids in the ſame veſſel which do not mix, 
their common ſurface will be parallel to the horizon. 


Proe, IV. 
If the ſides of a veſſel ABCD, filled with a fluid, be 


perpendicular to it's bottom which is parallel to the horizon, 


the preſſure upon the bottom will be e Fu to the weight of 


the fluid. 
15. For 


ar 
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15. For the reaction of the ſides of the veſſel againſt 
the fluid, being perpendicular to the ſides, or parallel 
to the bottom, it can neither increaſe nor. diminiſh the 
preſſure of the fluid againſt the bottom; alſo the 
force of gravity acting parallel to the ſides, they can 
take off no part of the weight of the fluid, nor increaſe 


= —— — — 
— — ——ů— —— . — — — 
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= 
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it's preſſure upon BC; the preſſure therefore upon the 
bottom muſt be ſimply the weight of the fluid. 

16. Cor. Hence, (Art. 36) in different veſſels of 
this deſcription, containing different fluids, the preſ- 
{ures are as the areas of the bottoms Xx depths x ſpe- 


cific gravities, becauſe the magnitude = the area of 


the bottom x depth. 


PRoP. V. 


Let the bottom BC be oblique to the ſides, and alſo ſo 


ſmall, that the whole may be concetved to be of the ſame depth; 
then the preſſure perpendicular to BC will be as BC X depth, 


17. For the number of particles in conta& with 
BC is as BC. Alſo, fluids preſs equally in all directions, 


and in proportion to their _ (Art. 8, 10), and the 
whole 
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14 
whole _ on BC muſt be as the number 6. par- 


v 


i 


IA 


ticles X the preſſure of each; hence the preſſure per- 
pendicular to BC. is as BC x depth. | 


| PRoFP. VI. 


7 he preſſure exerted upon BC downwards, or in the 


direction of gravity, is equal to the weight of the fluid. 


18. Draw CE perpendicular to BC, BE to BA, 
and CF to BE. Now let CE repreſent the preſſure 
{P) perpendicular to BC, which reſolve into CF, FE, 
then CF is that part which acts downwards; alſo let 
p repreſent the preſſure downwards, and the preſſure 
which would act upon BF as the bottom, or the 
weight of the fluid by Art. 15. Hence, 
ee : CE : : (by ſim. trian.) BF: BC, 


P: 2 :: BC x depth: BF x depth :: BC: BF. 
rr :: BFX BC: BC BF; 55 
hence pr. 


The ſame may be inferred directly, from the rea- 
ſoning in Art. 15. 


PRoP. 


— 
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ProyP. vII. 1 


The preſſure of a fluid against any ſurface, in a direction 
perpendicular to it, varies as the area of the ſurface multi- 
_ plied into the depth of 14 center of Fay below the ſur- 
face of the fluid. 


19. Let ABC be a veſſel, AB the ſurface of the 
fluid; divide ACB into an indefinite number of parts 
m, u, 0, &c. let & be the center of gravity of the 
ſurface ACB, and draw G, mx, ny, oz, &c. per- 
pendicular to AB. Now every part of the indefinitely 
ſmall ſurface 9 may be conceived to be at the ſame 
perpendicular depth &; alſo, (Art. 10) the preſſure at 
m is in proportion to it's depth, and that preſſure is 
exerted equally in all directions; hence, the preſſure 


on n perpendicular to that ſurface is as 1X mx ; con- 
ſequently the whole preſſure exerted on ACB, in a 
direction perpendicular to the ſurface at every point, 
will, be as mXmx+nXnyÞ+Hox ST & c. But (by 
Mechanics, Art. 172.) if we conſider m, u, o, &c. 
as repreſenting weights in proportion to their reſpective 
magnitudes, and the whole area AC B to repreſent 
a proportugmal * then n m u X ny 
＋&c. 
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+&c.=ACBX G9; hence the whole preſſure per- 


AIR to the ſurface varies as ACBXx GY. 

Cor. 1. The ſame preſſure is equal to the 
wy of a cylinder of that fluid, the area of whoſe 
bottom is equal to the ſurface ACB, and altitude G9. 


For the areas preſſed, and the depths of the centers of 
gravity, are equal in the two caſes, therefore the preſ- 


fares are equal. But (Art. 15) the prefſure on the 


bottom of a cylinder is equal to the weight of the fluid 


contained in it ; conſequently the prefſure on the bot- 
tom AC; is equal to the ſame weight. 

21. Cor. 2. The preſſures of different fluids againſt 
different ſurfaces, will be as the areas & depths of their 
centers of gravity Xx ſpecific gravities of the fluids. 


For it is manifeſt that, ceteris paribus, the preſſures 


muſt be as the weights, or as the ſpecific gravities 
(Art. 3); thus, if the fame veſſel be filled with mercury 
and water, the ſpecific gravity, or weight, of the former 
will be 14 times that of the latter, and conſequently 
the preſſure muſt be 14 times greater. Hence, for 


different veſſels, combining this ratio with that in 


Art. 19. we have the whole preſſures as above. 
22. Cor. 3. The preſſure againſt the fide of a cubical 


veſſel filled with a fluid = : the preſſure againſt the 


bottom ; for the area prefſed 1 is the ſame, and the depth 
of the center of gravity in the former caſe =3 that in 
the latter. Hence the preſſure againſt the fide = + the 
weight of the fluid. 

23. Cor. 4 If a cylinder, the altitude of which 
is a, and e of it's baſe d, be filled with a fluid; 
then if p.=3, 141 59 &c. the area of the baſe f pd, 


and the area of the tides = pda; hence the preſſure 
4 OE, ke <A +440 


—_ I PE) 


NON-ELASTIC FLUIDS. 17 
on the bottom: the preſſure on the ſide :: 4 A 
Z da- :: d: 24. If two equal cylinders be filled, one 
with mercury and the other with water, then, the 
| preſſure on the baſe of the former: the preſſure on the 
3 tides. of the latter :: 14d: 2a::9d:a _ «422 
| ww Cor. 5. Let #5 be the ſurface of a fluid, ABCD 
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| a Q perpendicular to it; draw EF parallel to AB, 
= and biſe& AE in v, ED in 26; then Av, Aw 
will be the depths of the centers of gravities of AB FE 
; and EFCD. Hence the preflures on theſe Vs are 
as ABFExX Av : EFCDx Aw :: AE Av : EDX 
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| | 5 1 VIII. 


: fo 10 5 be filled with a fluid, the preſure on any 
part : the whole weight of the fluid :: the area of that 
part X the depth of it's center of gravity : the ſolid con- 
tent of the fluid. | 


\P 


24. By Art. 1 5. the preſſure on MY baſe of a cylin- 
MW ccrfilled with fluid = it's weight; "_ the weight of 
Vor. III. B the 
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the ſame fluid is in proportion to it's ſolid content. 
Let 2 veſſel of any form be filled with a fluid, and let 
A=any part of it's ſurface, D = the depth of it's center 
of ' gravity, P= the prefſure upon it, and / = the 
whole weight of the fluid, S it's ſolid content ; and 
let a cylinder, whoſe baſe = @ and altitude d, be filled 
with the ſame fluid, and let ↄ be the preſſure on it's 
bottom, zo the weight of the fluid, s it's ſolid content ; 
then by Art. 19. 


P: p:: Ax D: ax dl but by Art. 15. 20 5. 
v alſo S=aXd; hence 


P: V:: Ax D: S. 


— 


25. Cor. 1. If a cone, ſtanding on it's baſe, be 


filled with a fluid, and A S the baſe, we have S2 14 


XD; conſequently the preffure on the baſe =three 
times the weight of the fluid. 
26. Cor. 2. Ifa hollow ſphere be filled with A aud, 


the preſſure P againſt the whole internal ſurface 4 


three times the weight of the fluid; for the center of 
gravity of the ſurface is in the center of the ſphere, 
whoſe depth D below the upper point of the fluid 
muſt therefore be equal to the radius R of the ffir, 
mw S=iAXR= AX D. 

. Hitherto we have confidered the whole preflur 
of a fluid againſt any ſurface in a direction perpendi- 
cular to every point of it; but in this caſe, the effect on 
one part may partly deftroy the effect on another, by 
their not acting in the ſame direction. Since we do not 
therefore thus get the whole joint effe& in any direc- 
tion, let us next conſider, what is the whole preſſure 


againſt any plane, in the direction of gravity. 


Prop. 
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The _ of a fluid 3 3 the des and 
bottom of any veſſel, is equal to the wei ght of the whole 
fluid, provided there be, over every part of the fides and 
bottom, a perpendicular as of the * reachin g to the 


ſurface 
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28. Let AwzonB be ſucha veſſel filled with a fluid = 
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whoſe ſurface i is 4B, perpendicular to which, conceive 
Umno, qxW2Z, &c. to be indefinitely ſmall priſmatic 
columns into which the whole is divided; then 
(Art. 17.) the preſſure downwards of every column is 
equal to the weight of the column of fluid; hence the 
whole preſſure downwards upon the ſurface ACB is 
always equal to the whole weight of the fluid. 

29. Cor. 1. As the preſſure of every column down- 
wards is equal to it's gravity, the joint effect of all the 
columns, or of the whole fluid, is the ſame as the gra- 
vity of the whole if it had been ſolid, and conſequently 
(Mechanics, Art. 160) the effect is che ſame as if all 
the power was concentrated in the center of gravity. 

30. Cor. 2. Hence if ABCD be a veſſel of fluid, 

», B 2 | and 
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and ach be any part & of the fluid, it's action down- 
wards, muſt be equal_to the reaction of the fluid 


* 
> 4 


(Mech. Art. 160) juſt the fame as if the whole effect 
took place at it's center of gravity; therefore the 


8 
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| 
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mn 
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d. 


under it _— but the effect of G er e is 


effect of the reaction of the fluid under G muſt be the 


ſame as if it took place at the ſame point. 


% 


PRop. X. 


Tf two fluids communicate in a bent tube, their per- 


| pendicular altitudes above the plane, where they meet, are 
inverſely a as their ſpecifi c gravities. 


1 


31. Let ABC be the tube, àx* the plane where 


the two fluids meet, ſtanding at v and w; draw 


MUXH 
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1x1 parallel to the horizon, and vm, 0 pad 
cular to it. Let 5, 5 repreſent the ſpecific: gravities 
of the two fluids in vn, uw; then the area of the ſee- 
tion ux being common to both fluids, the preſſure of 
each fluid at that ſection will (Art. 21) be as it's per- 
pendicular depth X it's ſpecific gravity; but as the 
fluids are at reſt, their preſſures muſt be equal; hence 
S x vm Non, therefore &: $5 :: : vm. 

32. Cor. 1. Hence the ſame fluid will ſtand at the 
ſame altitude on each fide; for if S, then wn=vm. 
If therefore a pipe convey a fluid from a reſervoir, it 
can never carry it to a place higher than the ſurface of 


the fluid in the reſervoir. 


33. Cor. 2. 1 ABCD be a \ veſſel. of fluid, a 
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a hollow . to whoſe bottom a cylindrical body 
wr yz, of greater ſpecific gravity than the fluid, may 
be ſo cloſely fitted, that the fluid cannot enter; then 

B 3 if 
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2 ON THE PRESSURE OF 
if this body be kept in that poſition by the firing s, 
and the whole be immerſed perpendicularly in the 
veſſel,” until yr be to y& as the ſpecific gravity of the 
body to that of the fluid, the body will remain ſuf. 
pended without the aſſiſtance of the ſtring. For, we 
may conſider. the body wxyz juſt the fame as if it 
were a fluid of the ſame ſpecific gravity, and conſe- 
quently it will reſt when the altitudes of the body 
and ud: above 52 are inverſely as their * gra- 
vities. 
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Tie aſcent of a rod in a fluid of greater ſperific gravity i 

than itſelf, ariſes from the preſſure of the fluid upwards ſi 

againſt the under furface of the body. v 

3 0 

34. For if the body be placed upon the bottom of 7 

the veſſel in which the fluid is, and be ſo cloſely fitted Y 

to it, that no part of the fluid can get under it, it will tl 

remain at reſt; but if it be lifted up, ſo that the fluid al 

can get under it, it will immediately riſe, to 

| Def. The center of preſſure is that point of a ſurface, 2 

I againſt which any fluid preſſes, to which if a force x7 
4 equal to the whole preſſure were applied, in a con- 

trary direction, it would keep the ſurface at reſt. th 

Proe. XII. I 

if 

7⁰ find the center of * of a plane fuface, A 


35, Let 
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e, 


40. 
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35. Let ABCD be the ſurface of the fluid, 1. 


the plane, which being produced, let cd be it's 


B 


interſection with the ſurface, P the center of preſ- 
ſure, and & the center of gravity; and conceive the 
whole plane to be divided into an indefinite number 
of indefinitely ſmall parts, of which one is x; draw 
P, Gg, xv perpendicular to the ſurface, abd Pa, 


En, xm perpendicular to cd; and join Qa, gn, um; 


then it is manifeſt, that the triangles P, Ggn, xvm 
are fimilar, Now the preſſure on x perpendicular 
to VI is (Art, 17.) as xxx,; and (Mechanics, 
Art. 92) it's effe& to turn the plane about cd is as 
"x JT but (ſim. trian.) En: Gg :: xm :; xu 


xm X _ ; hence the effect of the preſſure at x to turn 
the plane about cd is as ** u x =, therefore the 


whole effect 15 as the ſum of all the x x wm" X 65 But 
if 4 = the area of VV, the preſſure on FW = 
Ax Eg; therefore the effect of that preſſure at P, to 
B 4 turn 
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_ ON THE PRESSURE, &c. 


turn the plane about cd, is as Ax Gnx PA. Hence 


Ax Go x Pa=ſum of all the x Xxm*X * conſe- 
ſum of all the xx xm 3 
quently, Pa WP . "Xo 8 Hence it ap- 


pears (Fluxions, Art. 62) that P is at the ſame diſ- 
tance from cd as the center of percuſſion is, cd being 
the axis of ſuſpenſion. They do not however, in ge- 
neral, lie in the ſame line, that is, in the line 26; 
for the efficacy of the preſſure at x, to turn the 
plane about »G, is as x X #vX mn, or (ſince xv varies 
as xm) as xx xm mn; but the ſum of all the x X xm 
X m1 is not generally o, therefore the whole preſſure 
will not balance itſelf upon the line Gu. The ſitua- 
tion of the line Pa muſt be determined, by making 
the ſum of all the x x xm x mu So, which, in any par- 
ticular caſe, may be determined by a fluxional cal- 
culation. It is not therefore true, in general, that the 
centers of preſſure and percuſſion are the ſame point, 
as is aſſerted by writers on this ſubject; indeed there 
are but very few caſes in which they coincide. 


SECTION 


SECTION II. 


ON THE SPECIFIC GRAVITIES OF BODIES. 


PRoP. XIII. 


| 7 E weight of a body varies as it's magnitude and 
# ſpecific gravity congointly, = 


36. For it is manifeſt, that if you vary the magni- 
tude of any body in the ratio of M: m, continuing it's 
ſpecific gravity the ſame, you will alter the quantity of 
matter, and conſequently the weight, in the ſame ratio. 
If you alter the ſpecific gravity of the body in the 
ratio of &: 5, continuing it's magnitude the ſame, 
you will alter the weight in the ſame ratio, (Art. 3). 
Hence, by the compoſition of ratios, if you alter 
both the magnitude and ſpecific gravity, you will alter 
the weight in the ratio of NXS: mXs. 

As the weight of a body is in proportion to it's 
quantity of matter, the quantity of matter 1s as the 
magnitude and ſpecific gravity conjointly, or as the 

magnitude 
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magnitude and denfity conjointly, the ſpecific gravity 
and denfity varying in the ſame ratio, (Art. 5). 

37. A cubic foot of rain water weighs 1000 ounces 
avoirdupoiſe, the ſpecific gravity of which call s; let 
be the weight of another body whoſe magnitude in 
cubic feet 1s M, and ſpecific gravity S. Hence, V: 
1000:: MXS : 1 foot Xs; if therefore we aſſume s= 
looo as a Nurs with which we may compare the 


ſpecific gravities of other bodies, we have = M 
XS. To reduce it to the meaſure in cubic inches, 


correſponding to the ſpecific gravity of water repre- 
ſented by unity, we have, 1728 : I :: 1000 : ,5787 
the weight of a cubic inch of rain water; hence, Y: 
5787 :: M&S: 1 inch X 15), therefore, N= 578), 
Mx S, M being the magnitude in cubic inches, and 
the ſpecific gravity of water unity. Now a troy ounce 
: avoirdupoiſe ounce :: 480: 43755» for an avoirdu- 
poiſe ounce contains 437, 5 grains troy. Hence, to 
reduce to troy weight, as the troy ounce is the 


greater, the weight expreſſed in troy ounces will be 


leſs in the ſame proportion; therefore, 480: 437,5 


: „5787 MXS : „52746 M&S the weight in 
ttoy ounces, 253, 18 Mx S grains. If M=1, 5 
=1, this gives 253,18 grains for the weight of a cubic 


inch of rain water *. 
» Hence, we may very accurately determine the diameter / of 
2 ſphere whoſe ſpecific gravity is s, that of water being unity. For 
the content of a ſphere whoſe diameter = 1 is 0,5236 ; therefore, 
1: 0,52 36 :: 253,18 grains (the weight of 1 cubic inch) : 132,428 
grains, the weight of a ſphere of water whoſe diameter is 1 inch. 
Hence, ſince the weights are as the magnitudes and ſpecific gravities 
conjointly, ard the magnitudes of TR are as the Cubes of their 


diameters, we have 132,428 5d* = ww, conſequently, 4.— WT x 
| = 13224 | _ 
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Punt XIV. 


If a body float bn 4 fluid, it diſplates as much f the 
Auid as is equal to 11 weight of the body. 
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38. For the body P+9 is ſupported by the preſſure 
of the fluid upwards againſt the part immerſed; alſo, 
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the ſame preſſure ſupported a quantity of fluid equal in 
bulk to Q, before the body was immerſed, that ſpace 
being occupied by the fluid; and as the ſame preſſure 
muſt ſuſtain the ſame weight, when there is an equi- 
librium, the weight of the body muſt be equal to the 
weight of a quantity of fluid equal in bulk to Q. 


Proe. XV. 1 


If a body float on à fluid, the centers of gravity of the 
body and of the fluid diſplaced, muſt, when the body is at 
reft, be in the ſame vertical line. 


39. For 


28 6 TATE SPECIFIC :) 


39. For (Art. 30) the effect of the preſſure of 
the fluid upwards is the ſame as if the whole took 
place at the center of gravity of the fluid diſplaced; if 
therefore this action of the fluid upwards againſt the 
body in a vertical line do not paſs through the center 
of gravity of the body, it muſt (Mech. Art. 164) give 

the — a rotatory motion. 


ProP. XVI. 


a boch float on a fluid, the part Q } immerſed : 
the whole body [P ) :: the ſpecific gravity (5) of the 
body : the ſpecific gravity (S of the fluid. 


40. By Art. 37. the weight of the body is P 
Xs, and the weight of a quantity of fluid equal to & 
is 2 XS, the magnitudes being expreſſed in cubic feet, 
and the ſpecific gravity of water being 1000; but 
(Art. 39) their weights are equal; hence, P xs 
AA; conſequently, Q: P:: 5: S. We 
here ſuppoſe the part P to be in vacuo. But when 
bodies float upon a fluid, the part P being in the air, | 
this rule will not be accurately true; near enough ſo, | 
however, for all practical purpoſes. The effect of the 


5 air, if neceſſary, may be computed from Art. 52. 
5 41. Cor. Hence, if the ſame body float upon two 


different fluids, the parts immerſed will be inverſely as 
the ſpecific gravities of the fluids; for in this caſe 
P+9 and s being conſtant, Q varies inverſely as S. 
Upon this principle is conſtructed the HYDROMETER, 
an inſtrument for meaſuring the ſpecific gravities of 
ſuch fluids, as do not difter much in their ſpecific 
gravities. 
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gravities. AB is a graduated ſtem fixed to a hollow 
globe C, which is annexed to another ſphere D, into 
which mercury or ſhot is put, in order to make the 
inſtrument ſink in the fluid, and keep it vertical. Now 


let us ſuppoſe the whole bulk of the inſtrument to be 


A 


— 


Ir 


Proof 


9 
' 9 


GS ss 


Inn 


repreſented by 4000, and each of the diviſions by 1 of 
ſuch parts, and let the whole length of the ſtem contain 
50 of ſuch parts. Now if this inſtrument be put into 
one fluid, and it ſinks to 30, and in another, it ſinks 
to 20, then the parts immerſed will be 3970 and 3980 
reſpectively; and the ſpecific gravities of theſe two 
fluids, being inverſely as the parts immerſed, will be 
as 3980: 3970. This can only be applied to thoſe 


Huids which come within the extent of the ſcale. This 
| inſtrument 
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| inſtrument therefore generally conſiſts of two ftems, 


one of which can be taken off and the other put on, 


the ſtems being adapted to fluids of different ſpecific 
gravities, one meaſuring what the other will not. 


Mr. Nicholson has lately made a confiderable 
improvement in this inſtrument, by placing a ſmall 
braſs cup on the top of the ſtem, into which ſmall 


weights may be put, ſo as to ſink it into different 


fluids to the ſame point of the ſtem. In this caſe, 
the part immerſed being the ſame, the ſpecific gra- 
vities of the fluids will be as the whole weights, 
which are known, from knowing the weight of the 
inſtrument, and the weights added. 

This inſtrument is alſo uſed to find whether a fluid 
is above or below proof. Proof ſpirits conſiſt, half of 
pure ſpirits, called alcohol, and half of water; the 
inſtrument put into this mixture, ſinks to Proof upon 
the ſcale. Now as water is heavier than the ſpirits, 
if there be more water than ſpirits, the ſpecific gravity 
will be greater than that of proof ſpirits, and conſe- 


quently the hydrometer will not ſink fo far as proof, 


or the ſurface of the liquor ſtands below proof, and 
the ſtrength of the ſpirits is belory proof: but if there 
be leſs water than ſpirits, the ſpecific gravity will be 
leſs than that of proof ſpirits, and therefore the hy- 
drometer will fink below proof, or the ſurface- of the 
fluid will ſtand above proof, and the ſpirits are above 
proof. This is the inſtrument which the Officers of 
Exciſe generally ule when they examine liquors, in 
order to determine their ſtrength, for the purpoſe of 
alcertaining the duty. | 


ProP. 
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T he Wei ht which a body loſes "dds wholly * 
in a fluid, is 51 to the weight of an equal a of the Md 


42. F ir. let the * be of he. fon ſpecific 


gravity as the fluid, and then it is manifeſt that it will 
remain at reſt, becauſe (Art. 3) it is of the ſame 
weight as an equal bulk of the fluid, and therefore 
the preſſure upwards of the fluid beneath will ſupport 
the body equally as it ſupported the fluid which occu- 
pied the ſpace before the body was put in; in this caſe, 
the body is faid to have loſt all it's weight, or the 

weight of an equal bulk of fluid. Now let the ſpe- 
cific gravity, and conſequently the weight of the body, 
be increaſed, then the preſſure of the fluid upwards 
_ againſt the body till continuing the ſame, that action 
muſt {till take off the ſame weight from the body, 
that is, the weight of an equal bulk of fluid. 

When we ſay, that a body loſes part of it's weight 
in a fluid, we do not mean, that it's abſolute weight 
is leſs than it was before, but that it is partly ſup- 
ported by the reaction of the fluid under it, ſo that 
it requires a leſs power to ſupport it. 

43. Cor. 1. Hence, when a body is weighed in air, 
in order to get it's abſolute weight, we muſt add to it 
the weight of an equal bulk of air. If, for example, 
a body, whoſe magnitude is one cubic foot, weigh 
1500 ounces troy in air, we muſt add 21 penny- 
weights to it, which is the weight of a cubic foot of 
air, and it gives 1 500 Oz. 21 dwts. the real weight of 
the body, or it's weight in vacuo. 

44. 
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44. Cor. 2. Hence alſo it follows, that if two 
bodies of the ſame weight in air, be put into a denſer 


fluid, the ſmaller body will preponderate, fince it 
loſes a leſs weight than the other. And if they 
weigh equally in any fluid, and then be brought into 


a rarer medium, the greater will preponderate, becauſe 
having loſt more weight in the denſer. fluid than the 


other body, when carried into a rarer fluid it will 


regain more weight, and therefore will weigh moſt 
in the lichter fluid. | 


Prop. XVIII. 


A body immerſed in a fluid, aſcends or deſcends with a 
force equal to the difference between it's o weight and 
the weight of an equal bulk of fluid, the "ef Nance of the 
fauid not 1 conſidered. | 


45. Let I be the weight of the body, w > the 
weight of an equal bulk of the fluid. Now we may 
conſider the body as deſcending by it's own weight V, 


and (Art. 42) as oppoſed in it's deſcent by 20; hence, 


when W 1s greater than w the body deſcends, and 
when Mis leſs than w it muſt aſcend, and, in both 
caſes, by the difference between and w, as they 


oppoſe each other, 


46. Cor. Let ” ſpecific gravity of the fluid : 
that of the body :: 1: b; then, (Art. 3) w : V:; 


4:6: hence v = conſequently the relative gravity, 


or weight of the body in the fluid, 4 


ProP, 


gn 
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| ProP. XIX, 
The weight (w) which a body hoes when immerſed in 
a fluid : it's whole weight (W) :: the ſpecific gravity of 
the fuid (5) : the ſpecific gravity of the body S/. | 


46. For (Art. 43) wis the weight of a bulk of fluid 
equal to the bulk of the body, the weight of which 
is V; but (Art. 3) the weights of equal bulks are as 
their ſpecific gravities ; conſequently w : M:: 5: S. 


Ex. If a body weigh 12 lb. in air, and 7lb. in 
water, then 5 Ib. is the weight loſt ; hence, 5 : 12 :: 
the ſpecific gravity of water: the ſpecific gravity of 
the body. Thus we compare the ſpecific gravities of 
bodies and fluids of Jeſs ſpecific gravities. 


AXN 


47. Cor. 1. Hence, S= 12 7 if therefore 3 be 


given, chat is, if different bodies be weighed in the 


ſame fluid, then will $ vary as 2 | 


Ex. If a body A weigh 9lb. in air, and 7Ib. in any 
fluid, and another body B weigh 1 3 lb. in air, and 6 lb. 
in the ſame fluid, then the ſpecific gravity of A: that 


of B::2: 3:2 63 : 26. Thus we compare the ſpe- 


cific gravities of two bodies. 


48. Cor, 2, Hence alſo, 5= ed if therefore 5 


and V, be given, that is, if the ſame body be weighed 
in different fluids, then will s vary as 2. 
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Ex. If a body loſe 6 1b. in one fluid, and 5 in another, 


the ſpecific gravities of theſe fluids are as 6 : 5. Thus 
we compare the ſpecific gravities of two fluids. 

If one of the fluids be mercury, the body muſt be 
either gold or platina, theſe being the only two metals 
which will fink in mercury. It is better, however, in 
this caſe, to compare the mercury with water (Art. 
46), weighing the mercury in the water by putting 
it into a ſmall glaſs veſſel ſuſpended from the ſcale, 
firſt balancing the veſſel in the water. 


49. The effect of the air in diminiſhing the weight 
of a body 1s not here conſidered. If the body which 


1s weighed in the fluid be wood, it ſhould firſt be well 


rubbed over with greaſe, or varniſhed, to prevent it 
from Enbibing any of the fluid. 

50. Since the ſpecific gravities of fluids vary when 
their temperatures vary, in comparing the ſpecific 
gravities of different fluids, we muſt firſt reduce them 
to ſome one temperature, as a ſtandard. This tempe- 
rature 1s arbitrary ; and it muſt be obſerved that, from 


the different expanſions of fluids for the ſame varia- 


tion of temperature, the proportion of the ſpecific 
gravities at different degrees of temperature will be 
different. Many ſolid bodies are alſo ſubje& to a 
variation of their ſpecific gravities, from the variation 
of their temperatures. | 


Paor. . 


To find the ſpecific gravity of a body Q. which is bi lter 
than the fluid in which it is weighed. | 


51, Connect 


itſe 
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- a Connect with another body H which is 
heavier than the fluid, ſo that together they may ſink; 
let the weight of P in the fluid be a, the weight of 
Pin the fluid be &, the weight of Q out of 
the fluid be 4, and the weight of a bulk of fluid 
equal to Q be e. Now, as 9 is of lefs ſpecific gra- 
vity than the fluid, it will (Art. 45) aſcend with the 
force e- d. Alſo, as & by itſelf would aſcend, when 
it is connected with P, they will togettier have a leſs 
deſcending power in the fluid than P of itſelf would 
have, by the power of Qs aſcent ; now the weight or 
deſcending power of P, in the fluid is @, and the 
weight or deſcending power of Pin the fluid is 
b, therefore the difference 4 & gives the aſcending 
power of Q; hence, e d=a—b, and eza—b+d; 
but (Art. 3) the weights of equal bulks are as the 
ſpecific gravities ; hence, the ſpecific gravity of Q: 

the ſpecific gravity of the fluid :: : - d. 


Prop. XXI. 


Fa alighter fluid reft upon a heavier, and their ſpecific 
gravities be as a: b, and a body, whoſe ſpecific gravity is 
c, reft with one part P in the upper fluid, and the other 
part in the lower, then P: Q:: b—c: c=6. 


52. The body will reſt when it has diſplaced as 
much of the two fluids as is equal in werght to 
itſelf, for the reaſon given in Art. 38. Now (Art. 
37) the weight of the body is & P; alſo, the 
weight of the lower fluid diſplaced is & * N, and of 
the upper fluid, ax P; hence, ax Þ +6 X 2= 

e cx P+2 
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cxP—aXP, or VX Q=c—aXP; hence, P: 2 
: 5 -C : c a. | 

53. Cor. Hence, : : P+9Q ::c—-atb—a, and 
if a be ſo ſmall that it may be geglected. then : 
PA:: c: 6, as in Art. 40. 


PROP. XXII. 
If a and b be the ſpecific eravities of two fluids to be 
mixed together, P and & their magnitudes, and c the 
ſpecific gravity of the compound, then P: Q:: b=c : 
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54. By Art. 37. the weight of P is à X P, the 
weight of Qis X A, and the weight of the compound 
is c P but the weight of the compound muſt be 

equal to the ſum of the weights of the two parts; * 
hence (as in Art. 52) P: Q:: -C: c. of 
55. It is here ſuppoſed, that the magnitude P . * 
. of the compound, is equal to the ſum of the magnitudes 
bt of the two parts when ſeparate. But it very often hap- 
pens, 
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pens, that the magnitude of the mixture is leſs than this 
ſum, owing, probably, partly to the conſtituent par- 
ticles of the different fluids being of different magni- 
tudes, and partly to their chemical affinity. This i 18 
called a penetration dimenſions. Thus, for inſtance, 


if a pint of water and a pint of oil of vitriol be mixed 
together, the mixture will not make a quart. The 


ſpecific gravity of the compound is manifeſtly increaſed 


by this circumſtance. 


Ex. Let the ſpecific gravity of gold be 19, of ſilver 
11, and of the compound 14; then the magnitude of 
the ſilver in the mixture: the magnitude of the gold 


19 — 14: 14 11 :: 5: 3. 


A certain quantity of gold having been given by 
King Hi ERO to make him a crown, the artiſts ſecreted 
part of the gold, and ſubſtituted the ſame weight of 


ſilver. This being ſuſpected, AxcHIuxE DES was em- 


ployed to diſcover the cheat; but it is not related in 
what manner he did it, except that by going into a 
bath, the riſing of the water ſuggeſted to him the 
method of finding the magnitudes of irregular bodies. 

56. If we want to find the proportion of the weights 
of each body, we muſt take the ratios of their mag- 
nitudes, and of their reſpective ſpecific gravities con- 


jointly; hence, the weights of PandQ are as 4X b—c : b 
Xc—a. In the above example, therefore, the weight 


of the filver : the weight of the gold :: 11X5 : 19 


X 3 533 55:5 57+ 
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ot . 50424 O88 
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The ſpecific gravity of rain water being here repre- 
ſented by 1000, and a cubic foot of rain water weigh- 
ing 1000 ounces avoirdupoiſe, the numbers againſt 
each ſubſtance repreſents the weight of a cubic foot 
thereof in avoirdupoiſe ounces. The ſpecific gravities 
are ſubject to a ſmall degree of variation, arifing from 
the variation of temperature of the air. 

The ſcales which are made uſe of to weigh bodies, 


in order to determine their ſpecific * are called 


the Hydro/tatic Balance. 


SECTION 
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ON- THE RESISTANCE OF FLUIDS. 


57. 5 25 reſiſtance of a body moving in a fluid 

& ariſes from the inertia, the tenacity, and 
friction of the fluid, admitting the particles to be in 
contact. The latter cauſe, granting it to exiſt, is pro- 
bably very ' ſmall; and the ſecond is, in moſt fluids, 
inconſiderable when compared with the inertia. The 
reſiſtance therefore, which we ſhall here conſider, is 
that ariſing from the inertia of the fluid. 


 PrRoe, XXIII. 


If a plane ſurface move in a fluid with a velocity V, in 
a direction perpendicular to it's plane, the reſiſtance, within 
certain limits of the velocity, varies as V. 1 


58. For the reſiſtance muſt vary as the number of 
particles which ſtrike the plane in a given time, multi- 


plied 
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plied into the force of each againſt the plane. Now 
the number of particles which the plane ſtrikes in a 
given time muſt evidently be in proportion to V/; 
alfo, the force of each particle is as Y, and as action 


and reaction are equal and contrary, the reaction of 


every particle of the fluid againſt the plane muſt be 
as V; hence the reſiſtance varies as VV, or as /. 
This 1s found, by experiment, to be very nearly true, 
when the velocity is ſmall. 


59. This proof ſuppoles, that after the plane ſtrikes 


a particle, the action of that particle immediately 
ceaſes, and the particle itſelf to be, as it were, an- 
nihilated; but the particles, after they are ſtruck, 
muſt neceſſarily be made to diverge and act upon the 
particles behind, which makes ſome difference between 
this theory and experiment. Alſo, by increaſing the 
velocity of the body, the action of the fluid behind it, 
to impel it in the direction of it's motion, will be dimi- 
niſned, and conſequently the retardation will, on this 
account, be increaſed. Mr. Ro; I Ns found, from ex- 
periment, that when a bullet moves with the velocity 
of ſound, or with a greater velocity (in which caſe, a va- 


cuum is left behind the body, and the preſſure forwards 


from behind then ceaſes), that the reſiſtance 1s always 
greater than this law gives it. When bodies deſcend in 
fluids, ſuch as water, the refiſtance is very nearly as / ?, 
becauſe the body can never acquire a velocity beyond 
a certain limit. We will therefore, in the articles 
here given upon reſiſtances, ſuppoſe the reſiſtance to 
vary as . This law of reſiſtance was eſtabliſhed by 
Sir I. NEwToN, from a variety of experiments; ſee 
the Principia, Vol. II. Prop. 31, Scholium ; alſo 
Mr. PArxK1nsoN's Hydroftatics, page 26. 
Prop, 
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Prop. XXIV. 


When different planes move in directions perpendicular to 
their ſurfaces, in different fluids, and with different velo- 
cities, the reſiſtances will be as the ſquares of their velocities 


X the denſities of the fluids X the areas of the planes. 


60. For by increaſing the denſity of the fluid, the 
number of particles ſtruck in the ſame time will be 
greater in the ſame proportion, and conſequently the 
_ reſiſtance will, ceteris paribus, be greater in the ſame 
ratio. Alſo, by increaſing the area of the plane, the 
greater will be the number of particles ſtruck in the 
ſame ratio, and therefore the reſiſtance will be greater 
in the ſame proportion. And (Art. 58) when the 
velocities vary, ceteris paribus, the reſiſtance varies 
as Y*, Hence, combining theſe ratios together, the 
reſiſtance will be as Y Xx the denſities of the 1 


X areas of the planes. 


Prop. XXV. 


If a plane move obliquely in a reſting medium, with 
an uniform velocity, and after the reſolution of the force 
with which the plane firikes the fluid, the whole of that 
part which acts perpendicular to the plane takes effect, 
the reſiſtance perpendicular to the plane will vary as the 

ſquare of the fine of the angle of inclination. 


61 Let AB be the plane moving in the medium 
 LMNO in the direction xy; draw AC parallel to xy, 


meeting BC perpendicular to ABinC; and let BD be 
perpendicular 
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perpendicular to AC. Now the quantity of fluid which 


AB has to oppole by it's motion, being that which 1s 
contained between AC and xy, is manifeſtly in pro- 
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portion to BD, or to the fine of BAC, becauſe AB : 


B D:: rad. =1 : fin. BAD or BAC, and the firſt and 


third terms being conſtant, the ſecond varies as the 
fourth. Alſo, as the plane acts againſt thefluid at the 


angle CAB, let AC be taken to repreſent the whole 


force of the plane acting againſt the fluid upon ſup- 
poſition that no part thereof was loſt, which force 
would be conſtant, the velocity of the plane being 
uniform; then, by the reſolution of motion, the force 
acting perpendicular to the plane will be in propor- 
tion to BC, or to the ſine of BAC, for AC : BC :: 
rad. =1 : fin. BAC, where the firſt and third terms 
being conſtant, the ſecond varies as the fourth. Hence, 
the whole action of the plane againſt the fluid in the 
direction BC (being in proportion to the whole quan- 


tity of fluid which oppoſes it's motion, and it's effect in 


the direction BC conjointly) will be as fin. BAC x 


fin. BAC, or as in. BACY. And as action and reac- 
tion are equal and contrary, the action of the fluid 
againſt the plane in the direction CB, or the reſiſtance 
of the fluid, muſt vary in the ſame ratio. 


PROP. 
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PRO P. XXVI. 


De refiftance of the ſame fluid to oppoſe the plane in 1 


direction of it's motion varies as fin. BAC, ſuppoſing, 
after the reſolution of the reaction of the fluid in the direc- 


tion CA, into CB and BA, the rad B A to be entirely loft, 
and CB to take effett. 


62. As the whole effect f the reſiſtance of the 
fluid upon the plane is that part which is perpendi- 
cular to it, let CB repreſent that whole reſiſtance, 
and reſolve it into CD, DB, then will CD repreſent 
the reſiſtance which oppoſes the motion of the body; 


now, rad. =1 : fin. DBC, or fin. BAC, :: CB: CD 
CB X ſin. BAC; but CB, as repreſenting the whole 
reſiſtance in the direction CB, varies as fin. BACH 
(Art. 61); hence, CD vanes as ſin. BAC“. 

By experiments on plane bodies moving both in air 
and water, I find that they are not reſiſted according 
to the laws here deduced. Part of the difference may 
probably be owing to the two latter cauſes mentioned 
in Art. 57, but it principally ariſes from the force, after 
reſolution, not taking effect as here ſuppoſed, that part 
which is parallel to the plane not being all loſt. But 
the further conſideration of this ſubject falls not within 
the plan of this work, which 1s intended only to be 
an elementary treatiſe. 


- Prop, XXVII. 


The ſame ſuppoſition being made, the reſiſtance of the 
plane, in a direction perpendicular 7o that of it's motion, 


varies as fin, BAC X coſ.BAC, 


63. For 
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63. For by the laſt Art. DB will repreſent that 


part of the whole reſiſtance which acts perpendicu- 


carly to the direction of the motion; hence, rad. = 1 : 
BCD, or coſ. BAC, :: CB: DB=CB X col. BAC; 
but CB, as repreſenting the whole effective part of 
the force, varies as fin. BAC“ (Art. 61); therefore, 
DB varies as fin. BAC x col. BAC. 

64. If inſtead of ſuppoſing the plane to move 
in the fluid, we ſuppoſe the plane to be at reſt and 


the fluid to move againſt it, the action of the fluid 


againſt the plane will be juſt the ſame as it's reaction 
when the plane moves. Hence, the laſt article will 
ſhow the effect which the wind has upon the fails 
of a wind-mill, when at reſt, to put them in motion, 
admitting our hypotheſis, reſpecting the efficacious 
part of the force, to be true. 

65. If, in the three laſt articles, the area of the 
plane, the velocity and denſity of the fluid be not 
given, then (for the reaſons in Arts. 58, 60) the reſiſ- 
tance will vary in the above ratios, and the area of the 
plane, ſquare of the velocity and denſity conjointly. 


Proe. XX VIII. 5 
The ſame ſuppoſition being made, let a cylinder, moving 
in the direction of it's axis, and a ſphere of the ſame dia- 
meter, move in the ſame fluid with the ſame velocity ; then 
will the refiſtance to the motion of the cylinder be double 
40 that of the globe. 


66. Let AFE be a diameter of the end of a cylin- 
der, parallel and equal to BD a diameter of the ſphere 


BFDG whoſe center is C, and C F, DE, BA perpen- 
_ dicular 


tk © © mm Oo — — 1A, 2 2 — ££ oy 
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ni to 4 E; draw 9 P parallel to CF the axis of 
the cylinder, and let it repreſent the force with which 
4 particle of fluid would a& perpendicularly at v, the 
end of the cylinder, in which caſe no part is loſt. 
Nou conceiving the the lame particle to act upon 


B A 


. 


4 


the globe at P, part of it's effect will be loſt by the 


obliquity of the ſtroke; draw PR a tangent to the 


ſphere in the plane PC F, and 9R perpendicular to it; 


draw alſo RS perpendicular to QP, and pioduce 


9P to m. Reſolve the whole force into RP, 
R, then we here ſuppoſe that the part RP to 
be wholly loſt, and the part M only to be effective; 
reſolve this into 2s, SR, then Qs is employed in 
oppoſing the motion of the globe, and SR (being 
perpendicular to it) can have no effect in that reſpect, 
and moreover it will be deſtroyed by an equal and 
oppoſite force, acting at a point, equidiſtant from 
F, on the other fide. Hence the force with which 


the point v at the end of the cylinder 1s retarded : the 


force with which the correſponding point P on the 
globe is retarded :: QP: S:: (becauſe : YR 


ns 2R : 9S) W.: N.:: (by ſim. trian. PR, 
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>) PC: vn :: vm: vn; conſequently the whole 


"10M on the cylinder : that on the globe :: the 
fum of all the um's: the ſum of all the uns. Draw nr 
parallel to mC. Now wm : vn :: PC: Pm, there- 


fore e, or CF, : mn, or Cr, 110, or AE,: 5. 
Cm?*, or rn*, the locus therefore Au CZ of all the 
points u is a parabola. Conceive now this whole figure 
to revolve about FCG, then will AE generate the end 


of the cylinder, and B FD that half of the globe which 


oppoſes itſelf to the medium, or which is reſiſted ; 
alſo, the ſum of all the vs will be the ſolid generated 
by the parallelogram AZ DB, and the ſum of all the 
v1's will be the ſolid generated by the inſcribed para- 
bola ACE, which ſolids (Fluxions, pag. 78) are as 


'2 : 1; hence, the reſiſtance of the cylinder: the 
reſiſtance of the globe :: 2 : 1. 


It appears by experiment, that this propoſition i is not 
true when bodies move either in air or water, the reſiſ- 
tance of the globe, compared with that of the cylin- 
der, being leſs than that which the theory gives it. 


— 


PRO P. XXIX. 


The ſame ſuppoſition being admitted, if a globe whoſe 
diameter is d move in a refiling medium whoſe denſity is 
u, with a velocity v, the refitance will vary as v*d*n. 


67. For the reſiſtance of a globe is (Art. 66) 
equal to half the reſiſtance of the baſe of a cylinder 
of the ſame diameter, moving in the direction of it's 
axis with the ſame velocity; therefore the reſiſtance 


of 


2 


MI 
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of the globe varies as the reſiſtance of the cylinder; 


but the end of the cylinder being a circle, whoſe area 


is as 4, the reſiſtance (Art. 60) varies as vn; 
therefore the reſiſtance of the globe varies as v*d*x. 

If the Reader wiſh to ſee any thing further upon the 
reſiſtance of bodies moving in fluids, he may conſult 
the Fluxions, page 125. 


PRoPp. XXX. 


As a body deſcends in a fluid, it continually adds more 
weipht to the fluid until it has acquired it's greateſt velo- 
city, at which time, the weight added to the fluid from the 
ręſiſtance is equal to the relative weight of the body. 


68. For as long as the velocity of the body in- 


creaſes, the action of the body upon the fluid will 
continue to increaſe; and when the body has acquired 


it's greateſt velocity, the reſiſtance becomes equal to 
the weight of the body in the fluid, and the body then 
acts againſt the fluid with it's whole relative weight. 
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SECTION W. 


ON THE TIMES OF EMPTYING'VESSELS, 
AND ON SPOUTING FLUIDS. . 


Prop. XXXI. 


7 a fiuid run through any tube, kept continually fall, 
and the velocity of the fuid in every part of the ſame 


ſection be the ſame, the velocities in different ſectious will 


be inverſely as the areas of the ſections. 


69. For the ſame quantity of fluid runs through 
every ſection in the ſame time; now the quantity run- 
ning through any ſection {A} with the velocity , 


in any given time, is manifeſtly in proportion to A and 


Vconjointly, or to AV; and as this quantity is conſtant, 
4 is conſtant, conſequently “ varies inverſely as A. 

70. Cor. Hence, the velocity of water in a river 
increaſes as the breadth and depth decreaſe, the rule 
however cannot be applied with accuracy here, as the 
water at the bottom, from it's unevenneſs, cannot 


move 


. 1 


it, 


ver 

ule 
the 
not 
ove 
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move with the ſame velocity as at the top ; and where 
the riſe and fall at the bottom is very quick, there 
is _ a > great deal of __— water. 


| Proe. XXXII. | 

Let a veſſel be kept filled with a fluid while it comi- 
nues to run out at an orifice; and let the quantity run out 
in a given time, and the area of tlie orifice be «re: to 
find the velocity at the orifice. 


1 Let a=the area of the orifice, c the quan- 
tity run out in the time /”, and v=the velocity. Con- 
ceive all the fluid which runs out to form a cylinder 
whoſe baſe is a, and length /; then ax Im, hence 


m | 5 | J : KS | 
z; therefore, in the time “ the fluid, with the 
EFT pow _ x 


firſt velocity v, would have deſcribed the "97 — ; 
8 a 


H 


hence, “: 1” :: —: 52 the ve locity in a ſecond 


a © 


at the orifice, | 20 


PROpP. XXXIII. 


Tf a fluid run out from the bottom or fide of a veſſel, 
and the area of the orifice be very ſmall when compared 
with the bottom, the velocity at the orifice is that which a 
body would acquire in falling through a ſpace equal to half 
the altitude of the fluid above the orifice, very nearly. 


72. When a fluid iſſues from a veſſel, the water 
ruſhing towards the orifice in all directions cauſes a 


contraction in the ſtream'; and at a diftance from the 


orifice equal to it's diameter, Sir I. NewrTox meaſured 
D 2 the 
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the diameter of the ſection of the ſtream ( which ſection 


he called the vena contracta), and found it to be to the 
diameter of the orifice as 21: 25, Now the area of 
the orifice : the area of the vena contracta (they being 
ſuppoſed to be fimilar) :: 25* : 21*, which is very 
nearly as 2 : 1; hence, as (Art. 69) the velocity 
is inverſely as the area of the ſection, the velocity at 
the vena contracta: the velocity at the orifice :: V2 : 1. 
Alſo from the quantity of water running out in a given 
time, and the area of the vena contracta, Sir I. NE w- 
rox found (Art. 71) that the velocity at the vena 
contracta is that which a body acquires in falling 
down the altitude of the fluid above the orifice ; hence, 
the velocity at the orifice (being leſs than that at the 
vena contracta in the ratio of 2: 1) is (Mech. Art. 
241) that which a body would acquire in falling down 
half the altitude. 

73. The principle to be eſtabliſhed, in order to 
determine the time of emptying a veſſel through an 


orifice, 15 the relation between the velocity of the fluid 


at the orifice, and the altitude of the fluid above it. 
Moſt writers upon this ſubject have conſidered the 
column of fluid over the orifice as the expelling 
force, and from thence' ſome have found the velo- 
city at the orifice to be that which a body would 
acquire in falling down the whole depth of the fluid; 


and others, that it is ſuch as is acquired in falling 


through Aa the depth; and this without regard to 
the magnitude of the orifice; whereas it is manifeſt 
from experiment, that the velocity at the orifice, the 
depth of the fluid being the ſame, depends upon the 
proportion which the magnitude of the orifice bears 

en to 


ON EMPTYING VESSELS, 53 
to the magnitude of the bottom of the veſſel. Con- 
cluſions thus contrary to matter of fact ſhow, either 


that the principle aſſumed is not true, or that it 
is not applicable to the preſent caſe. The moſt 


celebrated theories upon this ſubject are thoſe of D. 


BERNOULLI and M. D'ALEMBERT ; the former 
deduced his concluſions from the principle of the con- 


ſervatio virium vivarum, or, as he calls it, the egualitas 


inter deſcenſum actualem aſcenſumque potentialem, where 


by the deſcenſus actualis he means the actual deſcent of 


the center of gravity, and by the aſcenſus potentialis he 
means the aſcent of the center of gravity, if the fluid 
which flows out could have it's motion directed up- 
wards ; and the latter, from the principle of the eguili- 
brium of the fluid. This principle of M. D'ALEM- 
BERT leads immediately to that aſſumed by D. Bzr- 
NOULLI, and conſequently they both obtain the ſame 
fluxional equation, the fluent of which expreſſes the 
relation between the velocity of the fluid at the orifice, 
and the perpendicular altitude of the fluid above it. 
How far the principles here aſſumed can be applied in 
our reaſoning upon fluids, can only be determined by 
comparing the concluſions deduced from them with 
experiments. 8 
The general fluxional equation above mentioned 
cannot be integrated, and therefore the relation be- 
tween the velocity of the fluid at the orifice and it's 


depth cannot from thence be determined in all caſes. 


If the magnitude of the orifice be indefinitely leſs than 
that of the ſurface of the fluid, the equation gives 
the velocity of the fluid equal to that which a 
body would acquire by falling in vacuo through a 
ſpace equal to the depth of the fluid. But the velo- 
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0 


city here determined is not that at the orifice, but at 


the vena contracta; for the fluid by flowing in all 
directions to the orifice contracts the ſtream, and the 


velocity being inverſely as the area of the ſection, the 


velocity continues to inoreaſe as long as the ſtream, 
by the expelling force of the fluid, continues to de- 
creaſe, and when the ſtream ceaſes to be contracted 
by that force, at that ſection of the ſtream, or at the 
vena contracta; the velocity is found, by this theory, 
to be that which a body would acquire in falling 
through a ſpace equal to the depth of the fluid. To 
determine therefore, by theory, the time in which a 
veſſel empties itſelf, we muſt know the proportion 
between the area of the orifice and the area of the 
vena contracta; but no theory will give this. The 
times therefore of emptying veſſels, even in the moſt 
ſimple caſe, cannot be determined by theory alone. 


PRO P. XXXIV. 


If a veſſel empty ſelf through a very ſmall orifice, 
the velocity of the fluid at the orifice varies as the ſquare 
root of the altitude (a) of the Auid above it. 


74. For the velocity at the orifice is that which is 
acquired (Art. 72) in falling down Ia, and conſe- 


quently 5 Art. 241) it varies as Vi- Ta, or as Va. 


Prop. XXXV. 
If a veſſel empty itſelf through an orifice « al the bottom, 


end the area of the ſection, parallel to the bottom, be every - 


where the ſame, the velocity of the 40 4 the fluid is 
wniformly retarded. 


75. For 


- 


on EMPTYING VESSELS 35 


p 5. For (Art. 69) the velocity. of the deſcending 
ſurface is to the velocity at the orifice as the area of 
the orifice to the area of the ſurface, which is a con- 
ſtant ratio; hence, the velocity of the deſcendin 
ſurface varies as the velocity at the orifice, * or as 4. a 
by che laſt article; that is, the velocity of the deſcend. 


ing ſurface varies as the {quare root of the ſpace which 


it has to deſcribe, which is exactly the caſe of a body 
| projected! perpendicularly from the Earth's ſurface, 

where (Mech. Art. 248) the velocity is as the ſhuate 
root of the ſpace to be deſcribed; and as. the retard» 
ing force is conſtant in the es caſe, it muſt alſo 


be conſtant i in the former. B 


* Prov. XXXVI. e 


Py a Naben! or priſmatic veſſel, having un oriſice at 
the bottom, be kept conflantly full, twice the quantity which 
the veſſel contains will run out in the rime it aponld haue 


emptied uſelf. 


76. For the ſurface of the fluid being uniformly re- 
tarded, and it's velocity becoming equal to nothing at 
the bottom, the ſpace (Mech. Art. 237) which the 
ſurface would deſcribe with the firſt velocity. continued 
uniform for the time in which the veſſel would empty 
itſelf is double the ſpace which the ſurface actually 
does deſcribe in the time it empties itſelf; in that 
time therefore the quantity diſcharged in the former 
caſe is double that in the latter, becauſe the quantity 
run out when the veſſel is kept full may be meaſured 
by what would be the deſcent of the ſurface, if it 


could deſcend with it's firſt velocity. 
D 4 . Prop. 
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hes. XXXVI. 


1 4 ovljudrical or priſmatic veſſel, whoſe altitude is h, 
empty ell thro ugh woo Jmall orifice ( a) at the bottom 


(4), the time © of empying 2 8526 . 


0 


— 


mm By the laſt Propattion tt in the. tims-2:the 
quantity diſcharged with the firſt Rocky, (v) 1 is equal 


to 2AXk; hace, (Art. 71. ) * = = oh therefore, 
· 1 5 8 but Mechanics Prop. 248, and Art. 


92.) if $=16 x75 feet, l 45 
7525; conſequently, f Xx ——=—= e,; 
V 99 „ 3 * 


| NET 4 3 
* Ve = e Xx Vl. 
59. Cor. Hence, the time of emptying any other 


depth & from the bottom 1s , 3526 x 47 Vk; con- 
ſequently, the time of emptying any depth 2A from 
the top =, 3526 N 2 * Wh v k. 


For the time of emptying veſſels in general, ſee the 
Fluxions, page 217. 


 ProP, XXXVIII 


To find the diftance to which finids will ſpout from the 


fide of a veſſel placed upon an horizontal plane. 


78. Let 


8 


te 


C( 
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73. Let ABCD be a veſſel filled with a fluid, 
and BC be perpendicular to the horizontal plane CL, 
and upon BClet a ſemicircle be deſcribed, and GH an 
ordinate perpendicular to B C; then the diſtance CR 
to which the fluid ſpouts through a very ſmall orifice 
at C is =2GH. By Art. 72 the velocity at the vena 
contracta, which is extremely near to the veſſel, is that 


D 
— 4 
N P 


which a body would acquire in falling down BG ; we 
are therefore to conſider this as the velocity with which 
the fluid is projected, and not the velocity at the ori- 
fice. Now (Mech. Art. 313, and 320) the curve GR 
deſcribed by the fluid 1s a parabola, and BG is one 
fourth of the parameter belonging to the point G, 
which point 1s the vertex of the parabola, the fluid 
ſpouting out horizontally ; hence GC is the abſciſſa 
and CR it's ordinate, and by the property of the para- 
bola, 4 GX GCS CR,, therefore CR=2Y BGXGCG 

=2GH, by the property of the circle. 
79: Cor, If Cg = BG, then g&=CH, and the 
fluid 
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88 ON. SPOUTING FLUIDS 

fluid ſpouts to the ſame diſtance from g as from 2 
If B C be biſected in O, then the diſtance CT, to which 

the fluid ſpouts, is equal to a O PB C, and this is the 

greateſt diſtance, OP being the oreateſt ordinate. 
80. If the fluid ſpout; perpendicularly. upwards, 


it ought (Art. 72) to riſe to the altitude of the ſur- 
face of the water in the veſſel; but it falls a little 


ſhort of this, partly from the reſiſtance of the air, and 
partly from the falling back of the water. If the water 
ſpout upwards through a pipe, inſtead of ſimply an 


hole, it does not aſcend ſo high, becauſe there being 


no vena contracta, the velocity is not increaſed imme- 
diately after it leaves the pipe, as it is when It flows 
out of a ſimple orifice. 

81. The very near agreement of 16 theory with 
experiments proves, very ſatisfactorily, that the velo- 
city of projection muſt be that which is acquired in 
falling down BG, the whole altitude of the fluid. 
And the agreement of the theory of emptying veſſels 
with experiments ſhows very clearly that the velocity 
at the orifice muſt be that which 1s acquired in falling 


through half the altitude of the fluid. Almoſt im- 
mediately, therefore, after the fluid gets out at the 


orifice, it's velocity is increaſed in the ratio of 1: 2. 
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SECTION v. 


ON THE ATTRACTION OF COHESION, 
AND ON CAPILLARY ATTRACION. 


Prod; XXXIX. 


2 F two globules of mercury, lying on. a ſmooth plane, be 
brought to touch, an attraction then takes place, and 
they dmr ruſh to 05 aud form one complete globule. 


* 


82. If the globules be examined with a micro- 
ſcope, no effect is found to take place till they are 
actually in contact, and then they ruſh violently toge- 
ther; this therefore can only be accounted for by 
an attraction which begins at the inſtant they come 
into contact. 
The ſame effect takes place between two globules 
of water, when they are laid on a ſurface on which 
they can freely move, 
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If no glaſs planes AL, BL, (of which BL is hori- : 
zontal be inclined at a very ſmall angle, and juſt moi -. 5 
tened with oil, and a drop P of oil be placed between K 
them, it will move towards their concourſe „ ; 

83. This ariſes from the attraction of coheſion e. 
between the drop and the glaſs planes; for if o be the fa 
center of the drop, and om, on repreſent the attraction. be 

| | | 1 
re 
fo 

L th 
of the drop to each plane, the whole attraction acting = 
perpendicular to the planes, then the compound mo- 9 
tion oc, being directed to L will give the drop a 
motion towards that point. The planes are firſt * 
moiſtened, that the drop may move freely. | 1 

84. If the point L be elevated, until the motion _ ; 
of the drop ceaſes, the action oc then becomes equal Kos: 
to the accelerative force of P down the inclined 1 
plane LB; conſequently the ratio of the accelerative s 8 
force upon that inclined plane to the force of gravity, Ws 
or (Mech. Prop. 61.) the height of the plane. to the Fit 
length, gives the ratio of the attraction oc to the weight 1 

of the drop. | | * 

| and 

| X are 

PRO P. XLI. | | Attr: 

. If two plane ſurfaces of metal, &c. be ſmeared witth and 
3 fl eil, greaſe, Sc. and preſſed together, they will coheve the 


3 very ſtrongly. Wh 


CD Hm bad — 


\ 


ON THE ATTRACTION OF COHESION. 61 
85. This effect ariſes from two cauſes, the preflure 


'of the ſurrounding air, in conſequence of the air from 
between being expelled, and from the attraction of 


coheſion. That it ariſes partly from the former cauſe, 


is manifeſt from hence, that if two plates be thus put 


together and cohere pretty ſtrongly in the air, when 
they be ſuſpended in the receiver of an air pump, after 
exhauſting the air, the under plate will frequently 
fall; when it does not fall, it ſhows that there muſt 
be an attraction of coheſion, at leaſt equal to the 


weight of that plate. If the air be expelled by diffe- 


tent ſubſtances, as oil, turpentine, greaſe, &c. it is 
found that the attraction of coheſion is different. This 
therefore muſt ariſe, either from the air being expelled 
more perfectly by one than the other, or that the at- 
traction is rendered ſtronger by one than by another. 
It is this attraction of coheſion by which the conſti- 
tuent particles of a body, admitting them to be in 
contact, are kept together. When you break a body, 
you overcome this attraction, and if you could join 
the parts together again exactly in the ſame manner, 
it would be as ſtrong as before. On this principle 
we may explain the different degrees of hardneſs of 
bodies. Hard bodies may conſiſt of conſtituent parti- 
cles which touch in a great part of their ſurfaces, and 
thus their attraction may be very great. The conſti- 


tuent particles of ſoft bodies may touch in a few points, 


and thus their attraction will be weakened. Solids 
are ſuppoſed to be diſſolved in menſtruums, from the 
attraction of coheſion between the particles of the fluid 
and body being greater than the attraction between 
the conſtituent particles of the ſolid. 
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62 ON THE ATTRACTION OF COHESION. 


Prop. XLII. 


There is an attrafion of coheſion between water and glaſs. 


86. For take a piece of very clean glaſs, and hold 
it in an horizontal poſition, and a drop of water will 
remain ſuſpended from its under fide. - 


PROP. XLIII. 


De conſtituent particles of water attract each other. 
87. For a ſmall quantity of water always forms 
itſelf into a globule, if no external _ circumſtance 


tend to prevent it; this can ariſe only from the mu- 


tual attraction of it's parts. If the quantity be large, 
the upper ſurface will grow flat, from it's gravity over- 


coming the attraction of it's parts, but the ſides will 


ſtill be convex. 


a” 


Prop. XLIV. 


There is an attraction between water and 2laſs, at 4 


88. Pour water into the glaſs veſſel ABCD, and 
if no attraction took place between the water and 


glaſs, the ſurface in would be horizontal. Take mr 


=mt=#5=1v, and ſuppoſe the glaſs to act upon the 
water through theſe diſtances; then the glaſs mr 
will attract the ſurface t, and us will attract 20, 
and part of this attraction acting upwards, the gravity 


of 


doo THE ATTRACTION OF COHESION) 63 


of the columns of water under nt, vn will be dimi- 


niſhed by the attraftion, and more diminiſhed the 


Cn == == 
B - — 


nearer to the ſides, conſequently their length muſt be 
increaſed in order to be in equilibrium with the other 
columns whoſe gravity is not diminiſhed; hence the 
water will riſe in a curve ax; cz from the points x and 
S as far as the attraction extends, and the other part 
x2 will be horizontal; now when water is put into 


a glaſs veſſel, the ſurface of the fluid puts on the 


form ax C; we conclude, therefore, that glaſs acts 
upon water at a diſtance, In like manner, if any 
piece of glaſs be immerſed in water, the water will rife 
on each fide of the glaſs. 

39. Cor. 1. Hence, if two pieces of glaſs, parallel 
to each other, be immerſed in the veſſel, the water 
will riſe againſt each, Let them be ſo near, that the 
two curves ax, c may juſt meet, then will a certain 
quantity of the fluid between them be raifed above 


the ſurface of the fluid in the veſſel. Bring them 


nearer, and as the glaſs ſtill exerts the fame attraction, 


it muſt, upon this principle, raiſe the ſame quantity 


of water, and therefore the altitude will be inverſely 
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64 ON THE ATTRACTION OF COHESION, _ 

as the diſtance of the planes; for the ſame attraction 
being exerted, there muſt be the ſame quantity of 
fluid ſupported, conſequently the altitude of the fluid 
will increaſe as the proximity of the planes decreaſe. 
This ſeems to be concluſive, admitting the water to 
be both raiſed and ſupported by the attraction of a 
ſmall part of the glaſs contiguous to the upper ſurface 
of the fluid. But as (Art. 86) there is an attraction 
of cohefion between glaſs and water, after the water 
is raiſed by the aforeſaid attraction, it will then, in 


part be ſupported by the attraction of coheſion. An 


additional quantity of water may therefore probably 
be ſupported from this cauſe. 

go. Cor. 2. If the glaſs planes be inclined to each 
other, then it follows, from theſe principles, that as the 
diſtance between the glaſſes decreaſes, the altitude 
of the water will increaſe. Mr. HAauxsBEz informs 
us, that he very accurately meaſured the abſciſſas 
and ordinates of the curve formed by the upper ſur- 
face of the water between the glaſs planes, and 
concluded it to be the common hyperbola, having 
the ſurface of the fluid, and concourſe of the planes, 
for it's aſymptotes. Now if we admit that the water 
is raiſed, and alſo ſupported, by the attraction of the 
glaſs lying juſt above the ſurface of the water, the 


curve ought to be the common hyperbola ; for if we 


divide the water into laminæ of the ſame thickneſs, 
then there being the ſame attraction exerted upon 


each, the ſame quantity will be ſupported, and there- - 


fore the altitudes (or ordinates) muſt be inverſely as 


the lengths of the laminæ, or diſtances (abſciſſas) of 


the laminæ from the concourſe of the planes, which is 
the 


. 


I 
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the property of the hyperbola between the above men- 


tioned aſy mptotes. 


Por. XLV. 


If very ſmall glaſs tubes, called capillary tubes; be 


dipped in water, the water is found to fland in them, 


above the level of that in the veſſel, at altitudes which are 


either accurately or 22 in the inverſe ratio of their dia- 
meters. 


91. If we 1 UF the fluid to be raiſed and ſupported 
only by an annular ſurface of the glaſs contiguous to 
the upper ſurface of the water, the ratio ought to be 
accurately ſo. For let d = the diameter of the tube, 
a = the altitude of the water in it ; then the breadth 
of the attracting annulus being conſtant (it being the 
diſtance to which the attraction of the glaſs reaches), 
the area of this annulus, or the attracting ſurface, will 
be in proportion to the circumference of the tube, 
and conſequently to the diameter 4; allo the quan- 
tity of attraction muſt be in proportion to the quantity 
of water ſupported, or to dx a, the tube being cylin- 


drical ; hence, d4*X a varies as d, therefore 4X is 


conſtant, and conſequently 4 varies inverſely as d. 
Experiments ſhow that this concluſion is accurately, 
or very nearly, true. 

92. Cor. 1. If the tube be taken out of the fluid 
and laid in an horizontal fituation, the fluid will recede 
from that end which was immerſed. For at that end 
there is no attracting annulus beyond the fluid, whereas 
there is at the other end, and conſequently the fluid 
will be drawn towards the empty part of the tube, 
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66 ᷣ ON CAPILLARY ATTRACTION. 


until the length of the other end, left free from the 
fluid, be equal to the diftance to which the attraction 


reaches. : 
93. Dr. HamiLtTon, in his Eſſays, thinks, that 


the fluid is not ſupported by the attraction of the an- 


nular ſurface of the tube contiguous to the upper 
ſurface of the water, but by the annulus at the bottom, 
contiguous to the bottom of the tube ; this he ſup- 
poſes will firſt draw up a plate of water immediately 


under it, and then a ſucceſſion of plates, till the 


weight of the whole is equivalent to the attraction of 


that annulus. If this were the caſe, the quantity ſup- 


ported, and conſequently the altitude of the fluid, 
would depend upon the orifice at the botton, whereas, 
experiments ſhow that the altitude at which the fluid 


is ſupported depends upon the diameter of the tube 


at the upper ſurface of the fluid, without any regard 
to the form of the tube below it. See other objections 
to this ſolution in Mr. VARKINSON s Hydroſtatics, 


* 


page 40. - 


94. Dip the tube xy (being two cylindrical tubes 
joined 


ATE 


the 1 
lowe 
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joined together) into water, and ſuppoſe the fluid to 


riſe to a by the capillary attraction; invert the tube, 


and the fluid will riſe to 6, the ſame altitude where the 


diameter is the ſame. If we admit the principle in Art. 


91, the annular ſurface being the ſame in both, the 
ſame quantity of fluid ought to be ſupported, whereas, 


when the ſmall end is downwards, the quantity ſup- 


ported is leſs. But if we admit the fluid to be partly 
retained by the attraction of coheſion, the quantity of 


the ſurface being leſs with the ſmaller end downwards, 


the whole ſupport 1s leſs, and therefore the quantity 
ſupported ought to be leſs. This ſeems to be in 
favour of the ſupport being partly by the attraction 
of coheſion. wo 

95. If the water riſe in the capillary tube xy to 5, 
and another veſſel az be put into the water, having 
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emen 


the upper part capillary, and equal to that of xy, but the 
lower part of any ſize ; then if the air be drawn wh 
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of this veſſel by ſuction until the water enters into tlie 


capillary part, it will ſtand at the ſame altitude as in 
the tube xy, 'after the ſuction ceaſes and the air is 
admitted into the capillary part. Here the cylindrical 
part ad is ſupported by the ſame power as the water 
in the other tube, and the other part myn, rtd is 
ſupported by the preſſure of the air upon the ſurface 
of the water in the veſſel, in conſequence of the air 
being drawn from within; and this is proved from 
hence, that if the whole be put under a receiver of 
an air pump, and the air be exhauſted from the 
ſurface of the veſſel, the water will not be ſupported. 
Dr. Juxix ſays, that the water will be ſupported in 
vacuo; but in his time, the air pumps would not 
exhauſt ſufficiently to determine this point, for the 
altitude to which the water riſes being very ſmall, 
it requires a conſiderable degree of exhauſtion before 
the water will fall. The pumps which are now made, 
ſhow that the water will not be ſupported after a con- 
ſiderable degree of exhauſtion. 


— 


96. If a veſſel of water be put under the receiver 


of an air pump, and the air be exhauſted, and capil- 
lary tubes be then immerſed in it, the water will riſe 
to the {ame altitude as when the veſſel was expoled to 


the air; the air, therefore, has nothing to do in cauſ- 


ing the aſcent of the water, 

97. Different fluids will riſe to Went altitudes 
in the ſame tube. Spirituous liquors, which are lighter 
than water, riſe to a leſs height than water, which, of 
all fluids, appears to riſe to the greateſt height. This 


can ariſe only from the different degrees of attraction 
of theſe fluids to glaſs. 


98. The 


*a 


an 


ſe 
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98. The diameter of the tube multiplied into the 


altitude of the fluid in it is (Art. 91) accurately or 
very nearly a conſtant quantity, which, by pee 
ment, is found to be ,053, of an inch. 

99. The diameter of a capillary tube is thus found 


to a very great. degree of accuracy. Put 1 into the tube | 
ſome mercury whoſe weight in grains is wv, and let 


it occupy a length of the tube /; then if 13,6 be the 
ſpecific gravity of mercury (which it is js pure] 


that of water being 1, I, the diameter = ln = X ,01923. 


For if 4 = the 8 the content of vs mercury 
= II x, 7854, and as one cubic inch of mercury 


weighs 3443 grains, we have 1: 3443 :: d*YX,7854 
4 5 


| k 5 7 . „ . 
: W, wence d= TX 509123. This rule is given 


by Mr. ATwoop in his Analy/is. 


| PROP. XLVI. 
There is a ſmall attraction of cohefion between. mercury 
and glaſs. | ; 


100. For a very ſmall globule of mercury will 
adhere to the under fide of a clean piece of glals. 


PROP. XEVII. | | 


There 1s a ftrong attraftion of the conſtituent particles 
of mercury towards each other. 


101. For a ſmall quantity of mercury laid. upon a 


piece of glaſs will, as to ſenſe, form itſelf into a, per- 
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ſect ſphere. If two of theſe ſpheres be brought into 


contact, at the inſtant they touch they will ruſh toge- 
ther with a ſurpriſing quickneſs, and form a ſingle 


ſphere. This can only be explained upon the princi- 


ple of the mutual attraction of all the parts. As you 
increaſe the quantity of mercury, it will begin to devi- 
ate from a perfect ſphere, and grow flatter on the 
upper fide, ariſing from the gravity of the mercury 
becoming ſenſibly greater than the mutual attraction 
of it's conſtituent particles; and when the quantity 
becomes conſiderable, the upper ſurface will not 


ſenſibly differ from a perfect plane, but the bdes will 


retain their convexit . 


Prop. XLVIII. 


If mercury be put into a glaſs veſſel, it will and lowef.. 


at the ſides, and rife in a curve till the ſurface __ 
as to ſenſe, a Plane. 


102. This ariſes from the mercury attracting itſelf 
by a greater force than it is attracted to the glaſs, and 
may be thus explained. Avery ſmall quantity 4 of mer- 


cury laid upon glaſs, will, as to ſenſe, form itſelf into 


a perfect ſphere. If we take a large quantity B, it will 
not 
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not preſerve it's ſpherical form, the force of gravity 
deſtroying that figure by overcoming the mutual 
attraction of the particles, and the mercury will put 
on the form æma bn x; and if two pieces of glaſs pg, 
75 be made to touch the mercury at and u, the 


form will not be ſenſibly altered. If therefore we 


take a glaſs veſſel þqsr and put mercury into it, the 
upper ſurface will {till be in the form mabn, for it can 
manifeſtly make no difference whether we put the 
glaſs to the mercury, or the mercury to the glaſs; 
except that in the latter caſe, the ſpaces mqgx, usr will 
be filled with mercury, which can have no effect upon 
the upper ſurface. 

103. Cor. 1, Hence, if a piece of glaſs be dipped 
into mercury, the mercury will be depreſſed on each 
fide of the glaſs, in the ſame manner. 

104, Cor. 2. If the two pieces of glaſs, pg, rs 
be brought ſo near, that the depreſſed parts of the 
mercury may meet, the mercury will be depreſſed to a 
_ diſtance which is inverſely as the diſtance of the glaſſes, 
accurately or nearly ſo. 

105. If ſmall capillary tubes be put into a veſſel 
of mercury, the fluid in the tubes will be depreſſed to 
diſtances below the ſurface of the fluid in the veſſel, 
which are found, by menſuration, to be inverſely as 
their diameters, accurately or nearly ſo. 

106. If two glaſs planes, inclined at a ſmall angle, 
be put into a veſſel of mercury, the mercury between 
them will be depreſſed below the ſurface of the mer- 
cury without the planes, and that depreſſion is found 
(as nearly as it can be determined by menſuration) to 
be inverſely as the diſtance from the concourſe of the 

m Ex 4 planes, 
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& 


planes, and therefore the curve is an hyperbola, hav= 


ing the concourſe of the planes for one aſymptote, 


and the ſurface of the mercury againſt the planes 


without, for the other alymptote. 
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Prop. XLIX. 


. the particles of an elaſtic Auid repel each other with 
forces varying inverſely as the n® power of their diſ- 


tances, and d repreſent the denſity of any part, and c the. 
n+2 
compreſſe ve force upon it, then c varies as d 
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107. Let ABCD be a ſquare column of the fluid, 
 mnop, rtv two ſections parallel to the baſe (and con- 
ſequently each a ſquare equal to the baſe) whoſe dif- 
tance ur is equal to mu, one fide of the ſquare, then 
will the fluid contained between theſe ſections be a 
cube. Let d be the denſity of the fluid in this cube, 
ſuppoſed to be indefinitely ſmall, c the compreſſive 
force on it, and 7 the diſtance of the particles; 

then one fide of the cube being indefinitely ſmall, 
d, c ander may be conſidered as the ſame for 
the whole of this cube. Now the number of particles 
in 
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f in uu is as 75 conſequently the number in the whole 


ſection muop is as . Alſo the repulſive force of all 


A 9 


KIT 


— 5 
2 


—— 


— 


3 
9 
1 


the particles in mnop, being as the number of particles 


＋; and 


ES 5 1 
and force of each conjointly, is as => * 2 


as the repulſive force of each particle acts in every 
direction, this repulſive force acting upwards muſt be 
equal to the compreſſive force which it ſuſtains, or c 


will vary as _—_ they will not neceſſarily be equal, 
blecauſe 
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| becauſe g - does not reprolent the quantity of the 
repulſive = only what it 1s proportional - Alſo 
the number of particles in the cube is as I and 


4 241 I Wy 
therefore (Art. 4) d varies as =T hence 41 varies as 


— 


— 
I 
, and 4». | Varies as - * Fe but à varies a3 "= 


11 
"2 


n 


WE TP 6 vackes.: as d 3 

108. It appears by n that the 
compreſſive force of the atmoſpheric air varies as 
the denſity, or c varies as d, therefore in this caſe 


” ha = —1, and hence »=1, conſequently the particles 


of air repel each other with forces which vary inverſely 
as their diſtances. Alſo, as the compreſſive force of 
air is equal to it's elaſtic force, theſe balancing each 

the other, the elaſtic force muſt vary as the denſity. 
109. It is manifeſt that there can be no fluid whoſe 
denſity varies in any inverſe ratio of the compreſſive 
force, that is, you can never, by increaſing the com- 
preſſive force, diminiſh the denſity, as any increaſe of 
the compreſſive force muſt compreſs the fluid into a 
leſs ſpace, and therefore increaſe the denſity, unleſs 
the particles of the fluid were abſolutely i in contact, in 
which caſe the denſity would remain the ſame under 
any preſſure, which 1s probably not the caſe with any 
fluid. Hence 2 2 muſt be always poſitive, that is, 
„ mult be ſome whole poſitive number, or a negative 
number leſs than 2, in order to conſtitute a fluid con- 
fſting of particles which repel each other. If we admit 
water 
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water to be compreſſible in a very ſmall degree, the 


particles muſt be kept at a diſtance by ſome repulſive 
force, and ꝝ muſt be very nearly = — 2 ; hence, upon 
this ſuppoſition, the repulſive force of the particles of 


water varies nearly as the ſquare of their diſtances. 


PROP. L. 
Air Jas welp pt. 


140. Its veſſel be exhaled of air, and balanced 


at one end of a beam, upon admitting the air the 
veſſel preponderates. This clearly proves that air has 
weight, and therefore it muſt preſs upon all bodies ; 
and from the weight neceſſary to balance the veſſel 
after the air is admitted, compared with the weight of 
the veſſel of water, we get the ſpecific gravity of air to 
that of water (Art. 3), which is, as 1 to about 885 
in the mean ſtate of the air, or when the. barometer 
Rands at 294 inches, according to Mr. HAUKsSBEE, 
Others have made the ſpecific gravities as 1 to 8 50, 
when the barometer ſtands at 30 inches. : 


_ LEMMA. 


:e: : 251 ie; then by Ev- 
cLin,.B. 5. p. 12.5: c:: be Kc. : de 
＋&c. hence, a: B:: BTA T &c.: c+d+e+&c.; 
for the ſame reaſon, : c:: c+d+e+&c. : d+e+f 
＋&c. and ſo on to the end of the ſeries. Hence, vice 
mm ifa:b:: b+c+d+&c. : c+d+e+&c. and 
b:c::c+d+e+ &c. : d+e+f+ &c. and fo on, 
heb all @&18.:;b.:;c:c:;:4;i8 3; Kc 
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1 . iN 


If the ie of gravity be confidered as conſtant, ad 
altitudes from the Earth's ſurface be taken in arithmetic 
pProgreſſion, the correſponding denſnies of the air will de- 
creaſe in geometric progreſſion. | 


112. Conceive the whole atmoſphere to be di- 


vided into an indefinite number of laminæ of equal” 
thickneſs, parallel to the Earth's ſurface ; and let a, 


b, c, &c. repreſent the reſpective denſities of theſe 
laminæ, beginning at the ſurface of the earth; then 


the compreſſive force on the lamine a, h, c, &c. will be 


proportional to the weight incumbent. upon each, that 
is, the ſum of the weights of all the laminæ above; but 
the weight of each lamina is as the denſity x it's thick- 
neſs, or, as the thickneſs is the ſame, as it's denſity ; 
hence the compreſſive forces on a, b, c, &c. will be as 


the ſum of all the quantities which repreſent the den- 


ſities above them, or as b +: + d+ &c. c+d+e+8&Cc. 
da+e+f+&c. &c. &c. But (Prop. Lv11) the com- 
preſſive force of the air is as it's denſity ; hence, a : 6 
:: b+c+d+&c. : c+d+e+8&c and : c:: +d+ 
e+&c. : d+e+f+&c, and ſo on; hence, by the 


above Lemma, 4: b:: : :: 4: d:: d: e:: Ke 


Now the laminæ being of the ſame thickneſs, the laſt 
proportion ſhows that as you aſcend by equal ſpaces, 


or in arithmetical progreſſion, the denſities decreaſe 
in geometrical progreſſion. 


PROpP. Ln. 


Given the denſity of the air, to find the correſponding 
altitude ; and the converſe. 
| 113. By 


— m . 4 wat, 


5 
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113. By the nature of logarithms, if the natural 
numbers be in geometrical progreſſion, their loga- 
fithms are in arithmetical progreſſion; hence, as the 
altitudes increaſe in arithmetical progreſſion” whilſt 
the correſponding denſities of the air decreaſe in geo- 
metrical progreſſion (Art. 112), it follows, that the 
alutudes increaſe as the logarithms of the denſities 
decreaſe. Hence, if at the altitudes x and y the den- 


 finies be n and x times leſs, or be _ and - „the denſity 


of the ſurface being unity, we have x 1 y :: log. - 3 


* 


: log = :t log. : log. n. Now Mr. CorEs {Hyd, 


p. 103) collected from experiment, that at the altitude 
of 7 miles, the denſity is 4 times leſs than the denſity at 
the ſurface; hence, if y = 7, #= 4, we have, x : 7 :: log. 


1 . 

m : log. 4, therefore x = 7 X 2 11,626 X log. m ; 
if therefore the denſity — be given, we know x. Alſo 
log. m= 5X log. 4, therefore (Flux. Art. 109.) m= 


, conſequently if the altitude be given, the denſity 
= will be known. Bur the denſity is inverſely as 


the rarity, that is, if the denſity be 4 times leſs, or 


be expreſſed by 4, the rarity will be 4 times greater, 


or will be exprefled by 4; hence n may expreſs the 
rarity of the air, that at the ſurface being unity. This 


rule is not accurate, becauſe it ſuppoſes the compreſſive 


force 


BM 
all 1 
crea 
decr 
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force of the air to be as it's denſity, which is not true, 
unleſs the temperature be the ſame. 

If it ſhould appear that the altitude at which the 
denſity is 4 times leſs than at the ſurface, be not 7 
miles, then 11,626 muſt be altered in the ratio of 7 
to that altitude. 

114. Let CA be the radius of the Earth, which 
produce to Z, draw AB perpendicular to CA and let it 
repreſent the denſity of the air at the ſurſace, and 
PM repreſent the denſity at any altitude AP, and let 


2 \D 
, 
＋ 


j 


$ 
' 


BMD be a curve paſſing through the extremities of 
all the ordinates PM. Then (Art. 112) as AP in- 
creaſes in arithmetic progreſſion, the —= PM will 
decreaſe in geometric progreſſion; hence PM is the 

number 


n / 
t- 


30 oN 1A fe r LunpB. 


| number correſponding to the logarithm AP, and BB 
s called the logarithmic curve, whoſe ſubrangent 
PT is the modulus of the ſyſtem. Let A be the 


altitude of an homogeneous * atmoſphere whoſe den- 


fity is AB, and complete the parallelogram BA N. 
Now conſider the whole atmoſphere AZ, and the 
| homogeneous atmoſphere 49 to be divided into an 

indefinite number of laminæ of equal thicknels ; 
then (Art. 112) the whole preſſure on AB in both 
caſes may be meaſured by the ſum of all the denfities 


of theſe laminz, and the denſity being as the lamina | 


PM and AB reſpectively, the preſſures will be as the 


ſum of all the PM's, and the ſum of all the AB's, or 


as (Fluxions, Art. 49, Ex. 4.) AB x PT, and AB 
X AQ ; but theſe preſſures are equal; hence AB X 
PT=ABX AP, conſequently 42 = PT; the modulus 


of this ſyſtem of logarithms is therefore the altitude 


of an homogeneous atmoſphere. 

For the general inveſtigation of the denſity of the 
air, when the force of gravity is ſuppoſed to vary as 
any power of the diſtance from the Earth's center; 
ſee the treatiſe on Fluxions, page 216. 


* An homogeneous atmoſphere is an atmoſphere ſuppoſed to 
be of the fame weight as that which ſurrounds the Earth, and 
whoſe denſity is uniform and equal'to the denſity of the air at the 


Earth's ſurface. 
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Prop, LIII. 


7. O make a Barometer. 


115. If a glaſs tube above 31 inches long, herme- 
tically ſealed at one end, be filled with mercury, and 
then it's open end be immerſed in a baſon of the fame 
fluid, the altitude at which the mercury will ſtand in 
the tube above the furface of the mercury in the baſon 
is between 28 and 31 inches. A tube thus filled is 


called a Barometer. 


=y 


PROP, LIV. 


The mercury is ſuſpended in the tube of a barometer by 


\ 


the preſſure of the air upon the. ſurface of the mercury 


he baſon, 


int 


116. For 


Vol. III. 
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116. For if a barometer n be put under the re- 


ceiver of an air pump, and the air be exhauſted, as you 


ename 


continue to exhauſt the air, and conſequently to dimi- 
niſh it's preſſure upon the ſurface of the mercury in the 
baſon, the mercury in the tube will continue to de- 
ſcend, and when no ſenfible quantity of air is left, the 


altitude of the mercury will not be ſenſibly above that 
in the baſon ; and upon admitting the air again into the 


receiver, the mercury will "0 in the tube to it's 


former height. | 
As the denſity of the air, and conſequently it's 


compreſſing force, is ſubject to a variation, the alti- 
tude of the mercury muſt be ſubject alſo to a correſ- 


Ponding variation; it is always however contained 
between 
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between the limits of 28 and 31 inches. A tube thus 
filled is therefore graduated from 28 to 31 inches. 
117. GALILEO was the firſt perſon who diſcovered 
the preſſure of the air. He found by experiment, 
that water could be raiſed, by the common pump, 
to a certain height, and no higher; whereas, had 
nature abhorred a\ vacuum, according to the 
opinion of ſome of the philoſophers at that time, 
the water might have been raiſed to any height, He 
conjectured therefore, that it was owing to the air's 
gravitation ; the truth of which was afterwards con- 
firmed by his pupil TorRICELLIUS, who conſidered, 
that if the preſſure of the air could ſupport a column 
of water 35 feet high, which i is about the mean height 
to which a pump can raife water, it could ſuſpend a 
column of mercury, whoſe agent 1s about 14 times 
as great, only about one 14" part of 35 feet high, or 
about 3o inches ; he accordingly tried the experiment, 
and found that the mercury ſtood at the altitude 
which he expected. Thus he clearly proved the gra- 
vitation of the air; and hence this is called the Torri- 
cellian experiment; and the vacuum which is left 
above, when the mercury deſcends from the top of the 
tube after immerſing it in the baſon, is called the 
Torricellian vacuum. When the tube is filled with | 
great care, this vacuum is ſuppoſed to be the moſt 


perfect that can be made. 
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84 ON THE BAROMETER. 
Prop. LY. 
20 fud the deight of an ame. 8 = 


11 8. The mercury 1n the tube of a barometer is 4 
(Art. 116) ſuſtained by the preſſure of the air; and 
(Art. 31) when two fluids communicate, the altitudes 
at which they ſtand are inverſely as their ſpecific gra- 
vities. Let us take the ſpecific gravity of air to that 
of water as 1: 850, the barometer ſtanding at 30 
inches. Now if we take the ſpecific gravity of water 
to mercury as 1: 14, we ſhall have the ſpecific gravity 
of air to that of mercury as i : 12390; hence, (Art. 31) 
I: 12390 :: 30 in.: 12390 & 30=371700 in. = 5,63 
miles, the height of an homogeneous atmoſphere, 

or an atmoſphere of the ſame weight as the preſent 
atmoſphere, and whoſe ſpecific gravity is every where 
the ſame as that of the air at the earth's ſurface. If 
we take the ſpecific gravities of air and water as 1: 
835, when the barometer ſtands at 294 inches, we 
ſhall have the altitude of an homogeneous atmoſphere 
5,77 miles. The ſpecific gravity of mercury has been 
here ſuppoſed 14, that of water being 1; but when the 
mercury is very pure, it's ſpecific gravity has been found 
to be only 13, 6. To determine with accuracy the 
height of an homogeneous atmoſphere by this method, 
the ſpecific gravity of the mercury in the baromo- 
meter, at the time of obſervation, ſhould be deter- i 
mined, as it 1s ſubject to a ſmall variation from the 
tub 
different temperatures of the air. i e 


Proe. 
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Prop. L VI . | 
The weight of the mercury in the barometer (the tube 


being cylindrical} above the level of that in the baſon, is | 


equal to the weight of a cylinder of air of the ſame baſe 
reaching to the top of the atmoſphere, 


4 


MUNI 


tet 


net 


— I Gr ore 


119. Let 92 be the altitude of the mercury in the 
tube pv; take a cylindrical column x of the air, 
whoſe baſe xv is equal to vz that of the mercury. 
Now the ſection nxum of mercury being at reſt, every 


point thereof muſt be equally prefled, and therefore 


equal parts muſt be equally preſſed; but the preſſures 
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on xv, V2 ariſe from the incumbent Cu xw of 
air and vg of mercury, and thefe being perpendicular 
cylindrical columns the preffures are equal to their 
5 weights; * the LW of theſe columns — 
g are equal. 5 ä | 
5 "1 Some have wund i difficulr to conceive. why: the 
weight of the mercury in the tube ſhould not be equal 
to the weight of the air preſſing upon the whole ſur- 
face of the mercury in the baſon. This difficulty 
has ariſen from their not making a proper diſtinction 
between preſſure and weight; the column of mer- 
| cury gives a preſſure upwards to the ſurface of the 
; mercury in the baſon equal to the weight of the whole 
incumbent air, but as fluids preſs equally in all direc- 
tions, this preſſure which the mercury gives is as 
much greater than it's weight as the ſurface of mer- 
cury in the baſon is greater than the orifice of the 
tube. It is a fact ſimilar to the hydroſtatical paradox, 
where a ſmaller weight ſuſtains a greater. 


6 


PROP. LVII. 


When the mercury in the barometer flands at 30 inches, 
; the preſſure of the air upon every NE: inch is about 
| | I 5b, avoirdupoiſe. 

| 120. For by the laſt Article, a column of air, if | 
mean denſity, whoſe baſe is 1 ſquare inch, preſſes as 


much as a column of mercury of the ſame baſe 30 ſe” 
inches high, the weight of which is about 15lb. wi 
avoirdupoiſe, . na 

121. Cor. Hence, if we take the 38 of a middle the 


fize man to be 14 ſquare 12 when the air is lighteſt till 
ö 


* wag 
> 1 7 
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it's preſſure on him is 13,2 tons; and when heavieſt, 
it is 14,3, the difference of which is 2464 1b. This 
difference of preſſures muſt greatly affect us in 
regard to our animal functions, and conſequently 
in reſpect to our health, more eſpecially when the 


change takes place in a ſhort time. The preſſure 
of the air upon the whole ne of the Earth is 
about 77670297973563429 tons. - 


PROR. LV] II. 


De Jenf ty of the air is in e to the le ore whick 


compreſſes it. 


=_ Let abc be a glaſs cylindrical tube, hermeti- 
cally ſealed at c, and let the bottom be covered 
with mercury, whilſt the air in we is in it's 
natural ſtate. Pour in mercury at @ and it will force 
the mercury to riſe in we, and continue to pour in, 
till the mercury ſtands Ut y as high above the point 
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. 


* to which it has now riſen in wr, as the altitude 


+ the mercury in the common barometer ; then 


that column of mercury (Art. 119) is equivalent 


to the weight of the column of air incumbent 


upon it, hence the preſſure againſt the air in 
cx is now twice as much as it was againſt the 
air in c, and cx is obſerved to be =Ecw; hence 
the air being compreſſed into half the ſpace, the 
denſity is doubled. In like manner, if another 
column of mercury of the ſame altitude be added, --x 


is found to be =xcw; thus the compreſſing force is 


made three times greater, and the denſity 1s three 
times greater. In this manner, the compreſſing force 
is found in any other caſe to be in proportion to the 
denſity. The ſame is obſerved to be true in all kinds 
of factitious ard, upon which experiments have been 
made. 


the particles are brought nearer together, but are kept 
from coming into contact by their repulſive force; 


theſe forces muſt therefore be equal, when the fluid is 


at reſt, The repulſive force is what we uſually call 
the air's elaſticity ; hence the elaſticity of the air 
being in proportion to it's compreſſive force, mult be 
alſo in proportion to it's denſity. 


Proe. LIX. 


if the tube ns of a barometer be perfectly cylindrical, 
and be in part only filled with mercury, and then it's open 
end be immerſed in a baſon of the ſame fluid, the mercury 
zu fink below the point, 
or Phe point at which it wor 


have flood if no air had 
been 


123. By increaſing the compreſſing force of the air, 


led the flandard altitude, 
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been left in; and the flandard altitude will be to the 
depreſſion below that altitude as the ſpace occupied by the 
air after the immerſion to the ſpace occupied before. 


124. Let rs be equal to the ſpace occupied by the 
air before the tube is immerſed, or when the air is in 
it's natural ſtate ; after the immerſion of the tube into 
the baſon A BCD let the mercury fink to m; then the 


air which, in it's natural ſtate, occupied the ſpace 
75, now occupies the ſpace ms, and the ſpace oc- 
cupied by the ſame quantity being inverſely as the 
denſity, or (Art. 123) inverſely as the elaſticity, we 
have the elaſticity in 75 : the elaſticity in m :: an 
: 75, Let #0 be the Height at which the mercury 

1 would 
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r air had been leſt in the tube, 


or the height of the mercury in the barometer. Then 
(Art. 122) the compreſſive force of the air, and (Art. 


123) conſequently it's elaſticity, when it occupied the 


ſpace 7s, would ſupport a column of mercury , be- 


cauſe the air, when it occupied that ſpace, was in it's 


natural ſtate; and the elaſticity of the air when it 
occupies the ſpace m would ſupport a column of 
mercury mo, becauſe it depreſſes the mercury from 
o to m; hence the elaſticity of the air in rs : the 
elaſticity in m :: o: om; conſequently o: om :: 
1 1 | 

This propoſition may be applied to the ſolution of 


two problems ; for we may either give the quantity of 


air left in before immerſion, to find the altitude of 
the mercury after ; or we may give the altitude of the 
mercury after immerſion, . to find the quantity of air 


left in before. As the ſtandard altitude 20 (Art. 116) 
is ſubject to a variation, it has been uſual in this caſe 


to aſſume it 30 inches; but when accuracy is re- 
quired, it muſt be taken equal to the height of the 


mercury in the barometer at the time. 


Ex. 1. Let the length ug of the tube be 35 inches, 


and the depreſſion o below the ſtandard altitude 20 


(=30in.) be 10 inches, to find the quantity of air 


left in before inverſion. 


As n5=35, and no=30, we have 30 = 5; alſo om 
=10; hence 5m=15; therefore, 30: 10 :: 15:75 


132 5 inches. 
g9 | 
Ex. 2. 


S 
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Ex. 2. Let 5 inches of air be left in the ſame-tube 
befors inverſion, to find the altitude of the mercury 
after. 


— 


_ Incthis caſe the point being unknown, the ſecond 
and third terms of the proportion are unknown; put 


therefore x=om, then x +5 =5m - hence 30 * 
+5 : 5, therefore * + 5x = 150,” conſequentiy x 


10 Or 15. The anſwer +10 ſhows that the mer- 
cury will ſtand at 10 inches below o; and the anſwer 
15 ſhows, that if the tube were continued to v, 
and of taken equal to 15 inches, and the ſpace 5f 
were filled with mercury, the ſpace 7v'above being a 
vacuum, that this column 57 of mercury would alſo 
be ſupported by the elaſticity of the air in r. In 
fact, t om, and therefore the elaſticity of the air 
which depreſſes a column om muſt neceſſarily ſuſtain 
an equal column r. ; 

The experiments agreeing with the concluſions here 
deduced, it follows that the compreſſive force of the 
air is as it's denſity, that being the principle up 
which the demonſtration is founded. 


Proe. LX. 
If a be the altitude of the mercury in a barometer at 


the bottom , an hill, and b the altitude at the top, the 


abe of the hill will be 11,6 26 X log. f J miles. 


125. For the weight of mercury ſuſpended by the 
preſſure of the air at the bottom: the weight ſuſ- 


pended at the top ;:a:;5::;1: : ; hence the compreſſive 
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forces of the air at theſe two points, by ſuſtaining 
; but the 


compreſſive forces are as (Art. 122) the. — ; 
therefore the denſities below and above are as 1 


N 


theſe columns of mercury, muſt be as 1 * 


. conſequently the denfity above will be =, that at 
the ſurface being unity. Hence the _ will be 


55 


L= 12,626 x log; 5: The difference of the tempera- 


tures of the air at the bottom and top 15 not here 
conſidered, which will make a ſmall alteration. This 


correction may be applied, by obſerving with two 
thermometers the temperatures at each point, and then 


allowing for that difference; but the ene of 
this falls not within our preſent ** | 


Dr. 


ſubſtitute this for 2 gs IT 3 ) and the altitude 
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Dr. HAI IEI's Account of the Rifng and Falling of 
the Mercury in a Barometer, upon the we. of 
N. earlier. 


126. To account for the different heights of the 
mercury at ſeveral times, it will not be unneceſſary to 


enumerate ſome of the principal obſervations made 
upon the barometer. 


1ſt. The firſt i is, that in calm weather, when the air 


is inclined to rain, the mercury is commonly low. 

aly. That in ſerene, good, ſettled weather, the mer- 
cury is generally high. 

3ly. That upon very great winds, though they be not 
accompanied witli rain, the mercury ſinks loweſt of 
all, with relation to the point of the compals the 
wind blows upon. 

Aly. That ceteris paribus, the geadelt heights of the 
mercury are found upon eaſterly and north-eaſterly 
winds. | | 


ly. That in calm froſty weat ber, the mercury gene- 


rally ſtands high. 
Gly. That after very great ſtorms of wind, when the 


quickſilver has been low, it generally riſes again very 


7ly. That the more northerly places have greater 
alterations of the Barometer than the more ſoutherly. 


8ly. That within the tropicks and near them, 


thoſe accounts we have had from others, and my own 
obſervations at St. Helena, make very little or no 
variation of the height of the mercury in all weathers. 
Hence 
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Hence I conceive, that the principal cauſe of the 
riſe and fall of the mercury, is from the variable 


winds: which are found in the temperate Zones, and 


-whoſe great inconſtancy here in England is moſt 


notorious. | 
A ſecond cauſe is the uncertain belt and pre⸗ 


cipitation of the vapours lodging in the air, whereby 


it comes to be at one time much more crouded than 
at another, and conſequently heavier; but this latter 


in a great meaſure depends upon the former. Now 


from theſe principles I ſhall endeavour to explicate 
the ſeveral phznomena of the barometer, taking them 


in the fame order I laid them down. 3 
1ſt. The mercury's being low inclines it to rain, 
becauſe the air being light, the vapours are no longer 


ſupported thereby, being become ſpecifically heavier 
than the medium wherein they floated ; ſo that they 
deſcend towards the Earth, and in their fall meeting 
-with other aqueous particles, they 1 Incorporate * 
ther and form little drops of rain. But the mercury's 
being at one time lower than at another, is the effect 


of two contrary winds blowing from the place where 
the barometer ſtands; whereby the air of that place 
is carried both ways from it, and conſequently the 
incumbent cylinder of air is diminiſhed, and accord- 


ingly the mercury finks. As for inſtance, if in the 


German ocean it ſhould blow a gale of weſterly wind, 


and at the ſame time an eaſterly wind in the Iriſh ſea, 


or if in France it ſhould blow a northerly wind, and 
in Scotland a ſoutherly, it muſt be granted me that, 
that part of the atmoſphere impendent over England 
would thereby be exhauſted and attenuated, and the 


mercury would ſubſide, and the vapours which before 
floated 
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floated in thoſe parts of the air of equal gravity with 
themſelves, would ſink to the Earth. 

Aly. The greater height of the barometer is occa- 
ſioned by two contrary winds blowing towards the 
place of obſervation, whereby the air of other places 
is brought thither and accumulated; ſo that the 
incumbent cylinder of air being increaſed both in 
height and weight, the mercury preſſed thereby muſt 
needs riſe and ſtand high, as long as the winds con- 


tinue fo to blow; and then the air being ſpecifically 
heavier, the vapours are better kept ſuſpended, ſo that 


they have no inclination to precipitate and fall down 
in drops; which is the reaſon of the ſerene good 
weather, which attends the greater e of the 
mercury. 

Zly. The mercury ſinks the 50 of all by the very 
rapid motion of the air in ſtorms of wind. For the 
tract or region of the Earth's ſurface, wherein theſe 
winds rage, not extending all round the globe, that 


ſtagnant air which is left behind, as likewiſe that on the 


ſides, cannot come in ſo faſt as to ſupply the evacua- 
tion made by ſo ſwift a current ; ſo that the air muſt 
neceſſarily be attenuated when and where the faid winds 
continue to blow, and. that more or leſs according to 
their violence ; ; add to which, that the horizontal 
motion of the air being ſo quick as it is, may in all 


probability take off ſome part of the perpendicular 


preſſure thereof: and the great agitation of its particles 


is the reaſon why the vapours are diſſipated, and do 


not condenſe into drops ſo as to form rain, otherwiſe 
the natural conſequence of the air's rarefaction. 

4ly. The mercury ſtands the higheſt upon an eaſterly 
or north-caſterly wind, becauſe in the great Atlantick 
| | ocean, 
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ocean, on this ſide the 35 degree of north latitude, 
the weſterly and ſouth- weſterly winds blow almoſt 
always Trade, ſo that whenever here the wind comes 
up at eaſt and north-eaſt, it is ſure to be checked by 
a contrary gale as ſoon as it reaches the ocean; where- 
fore according to what is made out in ons ſecond 
remark, the air muſt needs be heaped over this iſland, 


and conſequently the mercury muſt ſtand high, as 


often as theſe winds blow. This holds true in this 
country, but is not a general rule for others where 
the winds are under different circumſtances ; and I have 
ſometimes ſeen the mercury here as low as 29 inches 
upon an eaſterly wind, but then it blew exceeding 
hard, and fo comes to be accounted for by what was 
obſerved upon the third remark. : 

Sly. In calm froſty weather the mercury batt 


ſtands high, becauſe (as I conceive) it ſeldom freezes 


but when the winds come out of the northern and 
north-eaſtern quarters, or at leaſt unleſs thoſe winds 
blow at no great diftance off; for the northern parts 
of Germany, Denmark, Sweden, Norway, and all that 
tract from whence north-eaſtern winds come, are ſub- 
je& to almoſt continual froſt all the winter; and there- 
by the lower air 1s very much condenſed, and in that 
ſtate is brought hitherwards by thoſe winds, and being 
accumulated by the oppoſition of the weſterly wind 
blowing in the ocean, the mercury muſt needs be preſt 
to a more than ordinary height; and as a concurring 


cauſe, the ſhrinking of the lower parts of the air into 


leſſer room by cold, muſt needs cauſe a deſcent of 
che upper parts of the atmoſphere to reduce the cavity 
made by this contraction to an æquilibrium. 


6ly. After 


ON THE BeAROMET ER 8 
Fly. After great ſtorms of wind, hen the mercury 
has been very low, it generally riſes again very faſt. 
I once obſerved it t riſe 1 4 inch in leſs than 6 hours 
after a long continued ſtorm af ſouth-weſt wind. 
The reaſon is, becauſe the air being very much rare- 
fied, by the great evacuations which ſuch continued 
ſtorms make thereof, the neighbouring air runs in the 
more ſwiſtly to bring it to an- equilitrium ; as we ſee 
water runs the faſter for having a great declivity. 
Ay. The variations are greater in the more northerly 
places, as at Stockholm greater than at Paris (com- 
pared by Mr. Pas ALL *) becauſe the more northerly 
parts have uſually. greater ſtorms of wind than the 
more ſoutherly, whereby the merqury ſhould fink 
lower in chat extreme; and then the northerly winds 
bringing the condenſed and ,ponderous air from the 
neighbourhood of the pole, and that again being 
checked by, a ſoutherly wind at no great diſtance, 
and ſo heaped, muſt: of neceſſity make the mercury 
in ſuch caſe ſtand higher in the other extrem. 
Sly. Laſtly, this remark, that there is little or no 
variation near the equinoctial, as at Barbadoes and 
St. Helena, does above all others confirm the hypo- 
theſis of the variable winds being the cauſe of theſe 
variations of the height of the mercury; for in the 
places above named there is always an ealy gale of 
wind blowing nearly upon the ſame point, viz. E.N.E. 
at Barbadoes, and E. S. E. at St. Helena, ſo that there 
being no contrary currents of the air to exhauſt or 
accumulate it, the atmoſphere continues much in 


the ſame ſie : bowever upon hurricanes (the moſt 


violent 
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violent of ſtorms) the mercury has been obſerved \ very 


low, but this is but once in two or three years, and it 


ſoon recovers its ſettled Rate of about 291 inches. 
* principal objection againſt this doctrine is that 


4 IT ſuppoſe the air ſometimes to move from thoſe parts 


where it is already evacuated below the equilibrium, 
and ſometimes again towards thoſe parts where it is 
condenſed: and crouded above the mean ſtate, which 
may be thought contradictory to the laws of ſtaticks, 


and the rules of the equilibrium of fluids. But thoſe 


that ſhall conſider how when once an impetus is given 
to a fluid body, it is capable of mounting above its 


level, and checking others that have a contrary ten- 


dency to deſcend by their own gravity will no longer 
regard this as à material obſtacle; but will rather con- 


clude, that the great analogy there is between the 


riſing and falling of the water upon the flux and reflux 
of the ſea, and this of accumulating and extenuating 
the air, is a great argument for the truth of this hypo- 
theſis. For as the ſea, over againſt the coaſt of 'Eflex, 
riſes and ſwells by the meeting of the two cofitrary 
tides of flood; whereof the one comes from the S. W. 

along the channel of England, and the other from the 
north, and on the contrary ſinks below its level upon 
the retreat of the water both ways, in the tide of ebb; 

ſo it is very probable, that the air may ebb and flow 
after the ſame manner; but by reaſon of the diverſity 
of cauſes whereby the air may be ſet in moving, the 
times of theſe fluxes and refluxes thereof are purely 
caſual, and not reducible to any rule, as are the motions 
of the ſea, depending wholly upon the regular courſe 
of the moon. 
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ON THE a PUMP, AND CONDENSER, 
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7. O conftruet an Air Ping. 


22% The Alk Pume which I uſe in my experi- 
mental Lectures is thus conſtucted. is a braſs 
plate ground perfectly plane, and ſtrengthened on the 
under ſide with ribs; at 4 there is a ſmall orifice, over 
which ſtands a glaſs veſſel R, called a receiver, the 


edge of which is alſo ground truly plane, ſo that if 


a little greaſe be put upon the edge before it is placed 
on the receiver, it will be air-tight; in general how- 


ever a piece of leather well Prepared with greaſe is 


laid upon the plate for the receiver to ſtand upon; but 


you may make a more perfect exhauſtion by the other 


method, on account of the air which the leather will 
give out; in this leather there is a hole made cor- 
reſponding to LE in the plate. From 4 a braſs pipe 17 

G 2 . deſcends, 
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ro ON THE AIR PUMP. es 
deſcends, and turning each way at the bottom enters 
the two barrels, P, Q at v and w. At the bottom of 
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each barrel there is a ſmall hole againſt which there are A 

two pieces c, d ſcrewed on, containing the valves, WI 

each of which is repreſented by the figure Z, which - th 

is a ſolid piece abed of braſs, through the middle f th 

which there is a cylindrical hole, partly filled with a un 

ſolid braſs cylinder, againſt the bottom m of which = 

a ſpiral ſpring x acts, which reſts below againſt a ſcrew 100 
2, by means of which the ſpring may be rendered 

ſtronger or weaker ; through the braſs there are alſo to 


two +27 


oN THE AIR PUMP, ' 101 


two holes, one from + to v, and the other from 
s tot; and over the top ab there is tied a piece of 
oiled filk, having two holes correſponding tor and 5; 
and when this piece Z is ſcrewed on to the bottom of 
the barrel, the end'# of the cylinder um is preſſed 
againſt the hole in the barrel, by means of the 
ſpring. v. The barrels are truly cylindrical, having 
each a fucker r,s, (without a valve) ſurrounded with 
leather, and fitted fo cloſe to the barrel as to be air- 
tight; theſe ſuckers are fixed to two braſs rods A, B, 
having cogs above; un is a' ſmall wheel with cogs 
acting on thoſe of the rods, and moved by an handle 
H, which being turned backwards and forwards, the 
rods A,B and conſequetitly the ſuckers 5,7 aſcend and 
deſcend alter nately. From the top of the pipe It 
there proceeds another pipe ou, into an orifice of which 
there is fixed a glaſs tube ab, having it's lower end 
immerſed in a baſon L of quickfilver ; this tube is 


called the gage, at the back of which there is 


fixed a frame of wood, which is graduated from the 
mercury in the baſon up to 31 inches. At g there 
1s a ſcrew, by unſcrewing which you can admit the 
air into the pipe o when it is exhauſted. The rods 
A, B, paſs each through a collar of leathers at & and , 


which are air- tight. The ſupporters to the whole of - 


this are here omitted, as they would have rendered 
the figure confuſed, and have been of no uſe for the 
underſtanding of the inſtrument. This being the 
conſtruction, the exhauſtion takes be in the fo 
lowing manner. 

128. Turn the handle, and being the ſucker v down 


to the bottom of the barrel, then the facker 5 will 
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be carried juſt above the orifice v; and by turning the 
handle in the contrary direction, £ will be. depreſſed to 
the bottom, and r will riſe juſt above the orifice w. 
Now upon the deſcent of s, it muſt manifeſtly force 
all the air in the barrel P before it, the ſides being air - 


tight; the air therefore will depreſs the cylinder am 


(Fig. Z) and eſcape through the holes u, it; after 


which the ſcrew x will force mn up againſt the orifice 
at the bottom of the barrel, and prevent any air from 
returning into it. Then elevate ꝗ and depreſs r, and r in 
like manner will force out all the air before it. Now as 
g aſcends, it leaves a vacuum between q and the bot- 
tom; but when g has gotten above , the air will ruſh 
from the pipe , which communicates with the receiver 


R and gage ab, into this vacuum, the conſequence of 
which is, that the air in the receiver and gage be- 


comes rarified by being expanded i into a greater ſpace ; 
and as this muſt take place every time each ſucker 
deſcends, or at each turn of the handle, there muſt 


be a continued exhauſtion, and conſequently a con- 


tinued rarefaction of the air in the receiver and gage. 
But beſides this gage, there is another included i in a 


glaſs cylinder ef which has alſo a communication with 


the pipe ou; in this there is a bent, glaſs tube ⁊ i x, 


hermetically ſealed at the upper end 2, and filled bb 


mercury to , as repreſented by the ſhaded part. 
Then when the air is exhauſted to a conſiderable de- 


gree, the preſſure of the air upon the mercury at. 
will not be able to ſuſtain the mercury in the other 
leg, and therefore it will deſcend, and the two ſur- 
faces will approach to the ſame level, and if) you could 
ke a. perfect nn. they would ſtand in the 

{ame 
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ſame horizontal line; the difference of the altitudes 
therefore (meaſured upon, a ſcale which lies againſt 
them) ſhows, how much there wants of- A perfect 
vacuum. If to the height. of the mercury i in the 
other gage, you add the difference of the altitudes 
in this gage, it gives the altitude in the gage abit 
you could make. a perfect vacuum, or it. gives the 
altitude at which the Barometer ſtands at that time. 
By this method you may try whether a Barometer be 
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129. Leta quantity @ be diminiſhed till it becomes 
ſucceſſively h, c, d, &c. and let the decrements 4 - 6, b = c, 
d, &c. be always in proportion to the quantities 
themſelves a, h c, d, &c. then will both theſe quantities 
and their decrements be in geometrical progreſſion. 

For by ſuppoſition, 4 „ , ;; #3185 £29 
s e &c. hence dividendo, 4: 5 :: b : c 
: 4:5 Kc. Alſo alternando, a : bh :: 4: 
-c, 5: :: 5 : = d, &c. hence 2 - : * 


: b d:: Ke. 
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If b repreſent the capacity of one of the barrels, and r 
that of the receiver, together with the pipes and gages 
connefted with it; then the quantity of air extracted after 
every turn: the quantity before that turn :: b: 2b+r; 
and the quantity E in : the quantity before :: b+r 
: . . 1 


4 


8 46 z 130. For 
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"hl 30. For conceive the fucker # to be down 480 | 
8 ts be up, and the receiver, pipes, gages and bar- 
rels, which all now communicate, to be filled with 


air; then as the whole capacity of theſe is 23 f 7, 


the quantity of air may be repreſented by 25 r, 


from which, by the deſcent of 5, the quantity 4 will 


be driven out; and this muſt evidently be the caſe at 


every turn. And as the quantity is taken away 
from 2 +7, there muſt remain the quantity $4#) © 


Cor. Hence the quantity taken away at every turn 


being always in the ſame ratio to the whole quantity 
before the turn, the air can never be all exhauſted. 


ant LXII, 38 ; 


De denſt ty of the air in the receiver at «feb: : the def ty 
after t turns :: 26 IA: b+TT, 


137. For the 8 is (Art. 4.) as the quantity 
of air contained i in the ſame ſpace. Now the quan- 
A before any turn; ; the quantity after :: : 26+r 

Hr by Art. 130. and therefore the denſity at every 
turn is diminiſhed in the ſame ratio; hence, by the 
compoſition of ratios, after : turns, the denſity is di- 


miniſhed in the ratio of 2 : Nx. | 
Hence the denſity i is diminiſhed i in geometrical pro- 
grelfion, | 


PROP. XIIV. 


i. hen the den y of the air is Jininjfled i in the ratio of 


hog. 1 
log. 2b+r — log. br. 
132. For 
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132. For (Art. 131) 11 1 25 zT: FIN, hence 
=! CE j conſequdity: (Fluxioiis Art. 109) log. #= 


b+r\ 


tx log: thts KR TE 58 77 eile. 
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As the air is ebend, | me ue will riſe-in the 
gage; and the defects of te mercury in the gage from 


the flandard altitude, dfter each futreſoe turn, form 
a geometric Tp the ratio of whoſe terms is 2b +7 


: br. 


133. For as the denſity of the air within the gage, 
and conſequently (Art. 122) it's compreſſing force on 
the mercury, is diminiſhed at every turn, the com- 
preſſing force of the air upon the mercury in the baſon, 
which remains the fame, muſt cauſe the mercury 
to tiſe in the gage. If all the air were exhauſted, 
the mercury would riſe as high as in the common 
Barometer, or to what is called the ſtandard alti- 
tude. Now the compreſſing force of the quantity 
of air left in, prevents the mercury from riſing to 
the ſtandard altitude, and therefore it's compreſſing 
force muſt be equivalent to a column of mercury 
equal to tlie defect; therefore the defect, being as the 
comprefling force, muft be (Art. 122) in proportion 
to the denfſ ity, which, at every turn, diminiſhes in the 


ratio of 2b+r : br, by Art. 131. 
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PRor. LXVI. 
Ae aſcents of the mercury in tie gage, at each ſuc- 

ceſfve turn, form a geometric Mae ne r ratio of & whoſe 

terms is 2b+r : "Fs, e Fo e 


1. 4 


134. The defects of the mercury 1800 the | fandard 
altitude diminiſh in the ratio of 24+r : Bx, and the 
differences of theſe defects are the ſucceſſive aſcents of 


the mercury; but, by the Lemma, if a ſet of quan- 


tities decreaſe in geometrical. progreſſion, their dif- 
| ferences will alſo decreaſe. in the ſame geometrical 
progreſſion; hence the aſcents of the mercury ſuc- 


n decreaſe in the ratio of 25471: b+r. 
. The various properties of the air are very 


5 ſhown by the air 3 as in 1 The loving 


eben i 


Ex. 1. Air is i for che . of — 


For if a bell be put under the receiver of an Air 


Pump, and the air be exhauſted, the bell, e . 


ſtruck, cannot be heard; and if the air be 
dually let 1 in the ſound will organs: increafe. 


"Ip 2. Air is is neceſſary for the Propagation of ſound. 


For if a receiver be put over a bell, and then 
another receiver oyer that, and the air be exhauſted 
from between them, no ſound is heared ; the ſound 
therefore 1 15 not propagated through. the vacuum. 


EX. 4 Art is neceſſary for the exifience of fire. 
| Ls For 


2 TO n: 


o "THE.CONDENSER) 10% 
For if a candle be put under the receiver cams the 
ar be exhauſted, 1 it immediately Kein 


Ex. 4. Air i is neceſſary for the 1 of 2 
life. ' 


For moſt animals put 4 che receiver die almoſt 
immediately upon exhauſting the air, and probably 
all would, could we make a perfect vacuum. 


. The preſſure of the air is rendered viſible, 
by taking away the air from one fide of a body, whilſt 
it continues on the other. . 


For if a bladder be tied over che top of a olaſ re- 
ceiver, and the air be exhauſted from within, at every 
exhauſtion, the preſſure of the air upon the bladder 
will continue to depreſs it, until it burſts with a very 
great —— 


Theſe are a few of the nnen of the air which 
are ſhown by this inſtrument; but the experiments 
are too, many to be all here enumerated. 


ts LXVII. T7; (1944 T1 
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J 36. A 3 is [this confirofied, ABCD 
is a ſtrong veſſel called a receiver, made either of glaſs 
or metal; if of glaſs, upon the top there is laid a 
braſs plate with a ſtop cock a, having under it a pre- 
pared piece of leather to make it air- tight, and alſo 


a like plate at the bottom. Into the cock at x there 
is 


105 on THE CONDENSER, 
1 is ſerewed 8 ſyringe F, having ſucker i, 
bo which is moved by a handle at H; at w there is 4 | 
| | 25 0 21 | 
: 8 
r d 0 a 
| : 
C f 

1 

4 l 
1 q 
8 Ca, ce 
= i —: E DF. 1 
. — { 
valve which opens downwards, and at o there is ol 
an orifice. Now let the ſucker be drawn up above _ 
the orifice o, and both the barrel of the ſyringe and op 
the receiver to be filled with air in it's natural ftate. 6 
Then upon forcing down the ſucker, the air opens as 
the valve at 20, and a barrel of common air is forced the 
into the receiver. Upon raiſing again the ſucker he 
# a vacuum is left under it, the valve preventing the el 
air from returning; and when the ſucker gets above call 
o, the air will immediately ruſh in and fill No 
the barrel; thus upon every deſcent of the ſucker by 
you force into the receiver a barrel of common cull 
air, and conſequently you condenſe. the air in the ther 


receiver. 
Af ter 


* 
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Aſter the receiver is charged, the ſtop cock at a 


may be turned to prevent the return of the air, and 


che ſyringe may be taken off, and any other apparatus 
may be ſcrewed on for eee wich the e eee 
air in WE" receiver. | | eit 


: 4 


Pror. LXVILL 


47 b repreſent the capacity .of the barrel of the fringe, 
and r that of the receiver, tlen after t deſcents of 
the ſucker, the denſity of the air in the receiver will lie 
to the denſity at firſt in the ratio of r+tb : r. 


137. For the quantity of air at firſt may be repre- 
ſented by r, and after ? deſcents of the ſucker, a 
quantity repreſented by t will be forced into the re- 
ceiver, and therefore the whole quantity in it will 
bert; hence, (Art. 4) the denſity after : deſcents 
: the denſity at firſt:: 7 +26 : v. 

Cor. Hence the denſities after any number 15 ſuc- 


ceſſive deſcents are in arithmetic progreſſion. 
138. If abc be a glaſs tube with the end at 4 


open, and the other end hermetically ſealed, and a 


ſmall quantity of mercury put in fo as to leave the 
air in dc in it's natural ſtate; then if this be put into 


the receiver with the part & horizontal, and the air 


be condenſed, the condenſed air preſſing on the mer- 
cury will force it towards c, and the air in dc will 
continue of the ſame denſity as that in the receiver. 
Now as the denſity is inverſely as the ſpace occupied 
by the ſame quantity (Art. 36. ) the denſity in dc, and 
conſequently in the receiver, is inverſely as dc; when 


therefore de is diminiſhed until it be x times leſs 
than 
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than it was at firſt, the - denfity will be ks 


* times. Hence, as the: denſity, after any number of 


ſucceſſive - turns, increaſes in arithmetic progreflion, 


the reciprocal of the ſpaces. will be in arithmetic pro- 


greſſion, and therefore the ſpaces themſelves wall 
. decreaſe in muſical progreſſion, T his inſtument is 


called a gage. v 
139. A bell in l air ſounds louder than 


in air in it's natural ſtate. Fire Engines, Air Guns, 
Artificial Fountains, ſome kinds of F e IT 


&c. act by n air. 
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ON PUMPS AND SYPHONS. 
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Paor. LXIX. 


| 7. O conſtruct à Common Pump. 

140. The common Pump is thus conſtructed. 
Xy is a hollow cylinder having its lower end in water, 
P is a fixed fucker, Qa ſucker moveable by means 
of an handle fixed to the rod E, and each ſucker 
has a valve opening upwards, Now let us ſup- 
poſe 9 to deſcend as low as it can, and each valve to 
be ſhut, and that the pump has at preſent no water 
in it; then when 2 aſcends, the air between P and C- 
will follow it, and conſequently | it will become rari- 
fied, therefore the air under P being now denſer 
than the air above, it will open the valve at P and 
ruſh into P, and the whole air within being thus 
rarified, it will not open the valve at *. which is preſſed 
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down with ar that is not rarified. The air therefore i in 
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the ſurface of the water without the pump will-force the 


water a little way up the pump. Now when 2 de- 
ſcends, it will preſs down the air under it, and that air 
wilt ſhut the valve at P by preſſing upon it, but it will 
open the valve at Q by preſſing ander it, and thus 
ſome of the air will eſcape. Then when 2 aſcends again, 

| "whe 
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| the preſſure of the air upon it's valve will ſhut it, and 
the ſame operation will be repeated. Thus at each 
deſcent of & the water will riſe, till at length it 

comes up to 9, and then upon the deſcent of & it 
will open it's valve and get above the ſucker, and the 
ſucker then being drawn up, it will carry the water 
up ang * it out of the ſpout R. 


ProP. LXX. 
T conſiruc a forcing Pump. ; 
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141. Here the ſucker 2 has no wi and the air 
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between P and Q is, by depreſſing the ſucker 9, ex- 


pelled through a valve opening outwards at R, in- 
ſtead of being expelled through 9, as in the other 
pump. Then when the water follows Q as & af- 

cends, upon it's deſcent it ſhuts the valve at P by 


prefling upon it, and opens that at R and forces out 


the water. 

142, In this pump, 9 muſt, at it's higheſt point, 
be within 32 feet of the water in the reſervoir 
ABCD, becauſe in the rareſt ſtate of the atmoſphere, 
the preſſure of the air will not raiſe the water in a 
vacuum above that altitude. In the other pump, P 
muſt be within a little leſs than the ſame diſtance, in 
order that the water may always riſe above it. 


ProP. LXXI. 


To explain the principle of the motion of water through 
a Syphon. 


143. If one end of a Syphon mu be put into a 
veſſel of water, and the other end without be lower 


than the ſurface of the water; then if the air be 


drawn out, the water will begin and continue to run 
until 


| ON THE SYPHON. 11 5 


until the ſurface of the water in the veſſel i is on a 
level with the end 9. 

144. For when the air is drawn out of the Syphon, 
the water will riſe in it to x by the preſſure of the 
air upon the ſurface of the water in the veſſel, and 
then it will deſcend; to o by it's gravity. Now the 
preflure of the air at o to force the water 1n the direc- 


tion oum, is equal to the preſſure of the air on the 


ſurface of the fluid in the veſſel to force the water in 
the direction u, at leaſt extremely nearly ſo, on 
account of the very ſmall difference of the altitudes of 
the air above mz and o; but the former preſſure is op- 
poſed by the preſſure of the column 1, and the 
latter preſſure is oppoſed by the preſſure of the 
column n; the latter preſſure of the air therefore 
being leſs oppoſed than the former preſſure, the fluid 
muſt move in the direction of the latter preſſure, or 
in the direction no; and the fluid will continue to 
run till the preſſures of on, m become equal, or 
till o and m are in the ſame horizontal line, for then 
their perpendicular heights being equal, their preſſures 
will be equal by Art. 31. 
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SECTION X. 


ON THE THERMOMETER, 
1 HYGROMETER, AND PYROMETER. 


145. A THERMOMETER is an inſtrument 
conſtructed to meaſure different degrees 


having the bulb and part of the tube filled with a 
fluid; the tube 1s hermetically ſealed at the top, and 
the part not occupied by the fluid is a vacuum. 
Againſt the tube there 1s a ſcale to meaſure the ex- 
panſion of the fluid under different temperatures. 


PROP. LXXII. 
To find what Fluids are proper for Thermometers 


again as they grow cold. Thoſe fluids, there- 
fore, which are not ſubject to be frozen, and whoſe 
| expan- 


of heat; it is a glaſs tube with a bulb at the bottom, 


146. Fluids expand by being heated, and contract 


ON THE THERMOMETER. 117 
expanſion is ſenſible and in proportion to the heat ap- 
plied, are proper for thermometers. Now the ex- 
panſion of mercury, linſeed oil, and ſpirits of wine, 
is, as to ſenſe, proportional to the heat applied. This 
Brook TAYLOR found by the following experiment, 
Having conſtructed a Thermometer with linſeed oil, 
he put it into cold water, and then into water heated 
to any degree, and noticed the altitudes at which 
the fluid in the Thermometer ſtood in each caſe. He 
then put equal quantities of theſe waters together, 
which gave a mean heat; and by putting the Ther- 
mometer into this mixture, he found that it ſtood at a 
mean altitude between the two former altitudes. And 
this appeared to be true of whatever temperatures the 
two parts of water were, The mean temperature, 
therefore always agreeing with the mean altitude, the 
expanſion muſt be in proportion to the heat. The 
ſame is found true of mercury and of ſpirits of wine, 


Proe. LXXIII. 
To fill a Thermometer. 


147. The bore of the tube is ſo ſmall that the 


fluid cannot be poured in; to get in the fluid, there- 
fore, heat the bulb, by blowing the flame of a lamp 
againſt it with a blow-pipe, and you will expel the 
air from within; then dip the open end of the tube 
into the fluid, and it will riſe up into the tube and 
bulb, by the preſſure of the air upon the ſurface of 
the fluid into which you dip it, there being a vacuum, 
or nearly fo, within the tube and bulb. If it do 
not fill the firſt time, repeat the operation till it does; 
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and if there be any air bubbles, tie a ſtring to the 
end of the tube and whirl it about till the bubbles 


eſcape. Having thus filled the tube, hold it over the 


lamp till it boils, and in that ſtate, let it be herme- 
tically ſealed, and upon the deſcent of the fluid, when 


it grows cold, the ſpace above muſt be a vacuum. 


Proy. LXXIV. 


To graduate a Thermometer according to FABREN» | 
HEIT'S ſcale. 


148. Having filled the tube of the Thermometer, 
and fixed it againſt a frame upon which the gradua- 
tions are to be made, put it into water juſt freezing, 
and againſt the ſurface put 32; then put it into boil- 
ing water, and againſt the fluid put 212 ; divide this 
interval into 180 equal parts, and alſo continue the 
ſame diviſions down below 32 to the bulb. Then will 
98 be blood heat, 76 ſummer heat, and 55 temperate. 
If the tube and ſcale be rt upwards to 600, * 
will give the heat of boiling mercury; and if it 


be continued downwards to 40 below o, it will 


give the cold of freezing mercury. Ora thermometer 
may be graduated by comparing it with another, in 
this manner. Put them both into water, firſt of one 
temperature and then of another, and mark the 
ungraduated one in theſe two caſes, according to the 
graduated one; then this interval may be ſubdivided, 
and the graduation continued both ways. 

149. Hence a thermometer may be graduated for any 
other ſcale, In Sir I. NEwrToN's ſcale, freezing water 
is o and boiling water 34; and the other points 

PTS 7 Tos 
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may be found by proportion from tlie other ſcale. 
For inſtance, to find blood heat on this ſcale, we may 
obſerve, that in Fahrenheit's thermometer, from 

freezing to boiling water is 180, and to blood heat 
66; and in this ſcale, from freezing to. boiling water 
is 34; hence 180 : 66 :: 34 : 2 the point of 
blood heat on this ſcale. 

150. The preſſure of the 8 againſt the 
outſide of the bulb, not being counteracted by any 
air within, affects it's magnitude, diminiſhing it as 
the preſſure is increaſed, The variation however 
which this cauſes on the ſcale is never above one 
tenth of a degree. Thermometers are generally 
made with ſpirits of wine or mercury, becauſe linſeed 
oil is found to adhere to the ſides of the tube, which 
prevents it from ſhowing ſuddenly any change of 
temperature. It is better to make the bulb flat than 
globular, becauſe all the fluid will then be ſooneſt 
affected by a variation of temperature. 


PROP. LXXV. 
To conſtruct an Hygrometer. 


151. An HyYGROMETER is an inſtrument to deter- 
mine the degrees of moiſture and dryneſs of the air, 
and is formed by thoſe ſubſtances which will 
expand or contract upon any alteration of the moiſ- 
ture. Wood expands by moiſture and contracts by 
dryneſs; on the contrary, chord, catgut, &c. con- 
tract by moiſture and expand by dryneſs. Various 


mechanical contrivances have been invented to render 
H 4 fene 


— 
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ſenſible the ſmalleſt variations in the lengths of thofe 
ſubſtances. We will deſcribe two of them.—Let 
AB be the ſection of a cylinder moveable about it's 


axis, which is parallel to the horizon; at the end of 
which there is an index moveable againſt a graduated 
arc ab; about this cylinder ſome catgut is wound, one 
end of which 1s fixed to the cylinder, and the other end 

to 
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to Pmbthing immoveable at Z. As the moiſture of the 
air incteaſes, the catgut contracts and turns the cylinder, 
and the motion of the index ſhows the increaſe of the 
Moiſture; and as the air decreaſes in moiſture, the 
catgut will lengthen, and the weight of the index 
will carry the cylinder back, and the index will ſhow 
the correſponding decreaſe of moiſture. In the ſecond 
figure, the cargut'is fixed at A and goes over the pullies 
B, C, D, and at the other end a weight is fixed, 
having an index æ which moves againſt a graduated 
ſcale xy, that ſhows the increaſe and decreaſe of the 
length of the firing, and conſequently the ſtate of the 
air in reſpect to it's moiſture. Various other contri- 
vances, upon the ſame principle, have been invented, 
but it would be foreign to the plan of this work to 
enter into a particular deſcription of every inſtrument 
which has been conſtructed for this purpoſe. 

152. Mr. DE Luc has made a great many ex- 
periments, in order to find out ſuch ſubſtances as 
expand moſt nearly in proportion to the quantity of 
moiſture imbibed. The reſult was, that whalebone 
and box, cut acroſs the fibres, increaſe very nearly 
in proportion to the quantity of moiſture, and more 
nearly ſo than any other ſubſtances which he tried. 
This he found by taking a quantity of ſhavings of 
each ſubſtance, and weighing them at the time when 
he meaſured the increaſe of the length of a ſlip of 
each, cut as above deſcribed, the increaſe of weight 
being always in proportion to the increaſe of length. 
In his conſtruction of an Hygrometer he preferred 
the whalebone, firſt, on account of it's ſteadineſs, in 
always coming to the ſame point at extreme moiſture; 
ſecondly, on account of it's greater expanſion, it in- 

. creaſing 
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creaſing in length above one eighth of itfelf from 
extreme dryneſs to extreme moiſture z laſtly, it 1s 


more eaſily, made thin and narrow. 
It is a little extraordinary, that when he took 


threads of ſome ſubſtances in the direction of the 


fibres, they firſt increaſed as the quantity of moiſture 
increaſed, and afterwards upon a further increaſe of 
moiſture they decreaſed in N 5 See the Phil. 


Tranſ. for 1791. 
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153. A Pyrometer is an inſtrument invented to 
ſhow the expanſion and contraction of metals by 
heat and cold. Various machines have been con- 
ſtructed for this purpoſe; but as it would not be 
conſiſtent with the plan of this work to enter into 


a particular deſcription of each, we ſhall here only 


el pan the general principle, Let abe be a lever 


whoſe fulcum is 5, acting upon another lever c de, 


whoſe fulcum is d; and let w be a metalic rod, one 


end of which reſts againſt an immoveable obſtacle P, 
and the other end againſt the lever abc at a. If a 


lamp | 


PAY an. PYY 
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lamp be put under this rod, the heat will increaſe 
it's length, and put the levers in motion; now 


vel. of 2: vel, of c : 4 : bc 
vel. of c: vel. of e :: cd : de 
„ vel. of a : vel. of e :: a: Bc de 


Hence if bc and de be very great in proportion 
to ab and cd, a ſmall increaſe in the length of w 
will produce a conſiderable motion in the point e, 
which may be meaſured upon the graduated arc vv. 


For example, if ab : bc :: 1: 25, and cd: de:: 1 
: 40, then abXcd : bexde :: IXI: 25X40 :: 1 
: 1000; hence whilſt the rod increaſes the 1000 
part of an inch, the end e will deſcribe 1 inch. 
On this principle the leaſt increaſe of the length of 
the rod becomes viſible. Inſtead of putting the lamp 
immediately under the rod 25, this rod is laid upon 
another piece of metal, called the heater, and when 
the lamp has given this it's greateſt degree of heat, 
the rod wv is laid upon it. 


154. In this manner Mr. MuschENBROEEk made 


experiments to determine the proportion of the ex- 


panſions of different metals, by applying a different 
number of lamps, and found the reſult as follows: 


Lamps. Iron. Steel. Copper. Braſs. Tin. Lead. 
8 89 10 169 Is 
117 - 123: 1; ¶˖ůMᷓd Rs 
in 168 ig, 1M. 
%% 4084 * 
g 230 30 3 f RR 


* 


Tin 


3 2 D 8 > 2 I 1 —_— — 32 — — = 1 TID N =» 
r —— II 2 . 5 1 r 5 w= . © 3 — 
— G2 ow 4 —_— At 4d " = 2 . * — — — + 


> 7 rr = — OR * 


— — ER 


e 


C 


hou — 
r e 


— 
* r 


— ad ee 


% tt Lc nr, Lead 


1 
10 
5 
7 
et £ 
* 
4 
F 


4 


rr 


* 
nec 
* TS 9 


— 


* * THE 2 bias ect; ba e 

2 — g — r TY. 
"IS AX 9 e 27 MT "0 

* e * SL 


Ne SR ET EN AER ASTINNEY 

1 WE) T 88 » —— " 

* Ry 2 Yr 3 * FS, ns At at art 2 Det aa; a nn e e — 

5 - " o * 4 . 2 * -— * C >. — 2 ” nt Fs 1 4 = 6 84 _ 
9 — — — >>. bs rr ä 2 Fa N = * A's * 1 ib. wg IT» WEL. — I — * l 
: bags gt R * e ; . N n a —_— * — 
; a . Y . 8 n FLY A : a * 
- * 2 TY 2 9 2 

1 : * * 5 


124 ON THE PYROMETER. 


Tin melted with two lamps and lead with three. 


With this kind of pyrometer Mr. Fzxevson found 


the expanſion of metals to be in the following pro- 


portion; iron and fteel 3, copper 42, braſs 5, tin 6, 
lead 7. An iron rod 3 feet long is about one 70 of 


an inch longer in ſummer than in winter. 
155. If a metal be put into water and the water 


be heated, the metal expands as the heat of the water 
increaſes. By this method Mr. Smt atox determined 
the expanſion of different metals; for by means of a 
mercurial thermometer immerſed in the water he 
could always aſcertain the degree of heat. He found 
that in equal intervals of time the expanſions were in 
geometric progreſſion. By this he was enabled to 
get the meaſure of the bar before it was applied to the 


inſtrument. This will be beſt underſtood by ex- 


plaining an experiment. The time elapſed between 
applying the bar to the inſtrument and taking the 


firſt meaſure, was 3 a minute; therefore the inter vals 


between taking the facoinding meaſures were 2 a 


minute alſo. The firſt meaſure was 208 ; the ſecond 


214,5; the third 216,5; the fourth 217,5. The 


Uiffererices of theſe are 6,5; 2; 1. Now theſe three 
numbers are nearly equal to 6, 3; 2, 25; o, 8, which 


form a geometrical progreſſion whoſe common ratio 
is 2, 8. As therefore we may ſuppoſe the expanſion 
from the inſtant the bar was applied to the time of 
taking the firſt meaſure followed the ſame law, we 
can find the expanſion in the firſt 3 minute (at the 
end of which the firſt meaſure was taken) by conti- 
nuing back the progreſſion, or multiplying 6,3 by 
2,8, which gives 17,7 for the expanſion the firſt 


minute; hence 208 — 17,7 = 190, 3 for the meaſure 


2 
before 
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before the bar was applied. The following expan- 
ſions are ſelected from Mr. SME ATgx's table, ſhowing 
how much a foot, in length, of each increaſes in 
decimals of an inch, by an increaſe of heat 
correſponding to 180 degrees of FAR RENHEIT's 
thermometer from freezing to boiling water. Ses 
Mr. SMEAToN's account in the Phil. Tranſ. 1754. 


White glaſs barometer tube . ,or 
lll... -« 
J!. 
Copper hammered . ', .. . a 4 
Cat ira. . - ˙»c +; as 
ir © - - « a_ 
Lead +> > oo ooomUEAE= 
=. Os 


1 56. Metals being thus ſubject to expanſion by heat, 

a pendulum made with a fingle rod of metal will 
continually be ſubject to a variation in it's length 
from the variation of the temperature of the air. 
To correct this, Mr. HARRISON invented a pen- 
dulum, called a gridiron pendulum, compoſed of 
rods of ſteel and rods of braſs, ſo connected to- 
gether, that the braſs expands upwards when the ſteel 
expands downwards; and by a proper adjuſtment 
of theſe rods, the diſtance from the point of ſuſpen- 
ſion to the center of oſcillation, may be rendered 
ſubject but to a very ſmall variation. Mr. 
GRAHAM invented another method of preſerv- 
ing the length of the pendulum the ſame in 
different temperatures. He took a glaſs, or me- 
tallic tube, and put in ſome mercury; and the 
heat, 
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heat, which expands the glaſs or metal downwards, 
expands the mercury upwards; by the aqdjuſt- 
ment therefore of a proper quantity of mercury, 
he could make theſe effects in altering the length 
of the pendulum nearly deſtroy each other. He 


found the errors of a clock of this fort to be 


only about + of the errors of the * clock of 
the common ſort. | 


SECTION 


en 


ON WINDS, SOUND, VAPOURS, AND THE 
' FORMATION OF SPRINGS. 


Z — —— 


Por. LXXVII. 
To explain the Cauſes of the various Winds. 


157. NVIJIND is a current of air, and it's 
direction is denominated from that 

point of the compaſs from which it blows. The 
principal, if not the only cauſe of wind is a partial 
rarefaction of the air by heat. When the air is 
heated, it becomes rarer, and therefore aſcends; 
and the ſurrounding cold air ruſhing in to ſupply 
it's place, forms a current in ſome one direction. 
Winds may be divided into conſtant, or thoſe 
which always blow in the ſame direction; periodical, 
or thoſe which blow half a year in one direction, and 
half a year in the contrary direction; theſe are called 
monſoons; and variable, which are ſubject to no rules. 
The two former are alſo called Trade winds. We ſhall 
here give the principal phenomena of winds, from 
= q Dr. 
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128 . WINDS. 
Dr. "Ye s Hiſtory thereof, in the 223 
N 


1ſt. In the Azlantic 4 Pacific Ocean, under thi 


Equator there 1s a conſtant Eaſt wind. 
2ly. To about 28* on each fide of the Equator, 


the wind on the north ſide declines towards the north 
eaſt; and the more ſo, the further you recede from 


the Equator; and on the /ourh fide, it declines in 
like manner towards the ſouth eaſt. The limits of 
theſe winds are greater in the Pacific Ocean, on the 
American, then on the African fide, extending in the 


former caſe to about 32*, and in the latter to about 


28%. And this is true hkewiſe to the ſouthward of 
the Equinoctial, for near the Cape of Good Hope, 
the limits of the trade winds are '3* or 4* nearer the 
line, than on the coaſt of Braſil. 


gly. Towards the Caribbee Iſlands, the aforeſaid 
north-eaſt wind becomes more and more eaſterly, ſo 


as ſometimes to be eaſt, and ſometimes eaſt- by 
ſouth, but moſtly northwards of the eaft, a point 


or two. 
Aly. On the coaft of Africa, from the Canaries 


to about 109. N. latitude, the wind ſets in towards 


the north weſt; then it becomes ſouth weſt, ap- 


proaching more to the ſouth as you approach the 
Cape. But away from the coafts, the winds are 
perpetually between the ſouth and the eaſt ; on the 
African fide they are more ſoutherly ; on the Brafi- 
lian, more eaſterly, ſo as to become almoſt due eaſt. 
Upon the coaft of Guinea, they are ſubject to frequent 
calms, and violent ſudden guſts, called Tornado's, 


from all points of the compaſs. 
| Sly. In 


i. dit 
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Fly. In the Indian ocean, he winds are partly cou 


\ Fant, and partly periodical. Between Madagaſcar and 


New Holland, from 10% to 30? latitude, the wind 
blows ſouth-eaſt by eaft.' During the months of 
May, June, July, Auguſt, September, October, the afore- 
ſaid ſouth-eaſt winds extend to within 2% of the 
Equator; then for the other fix months, the contrary 
winds ſet in, and blow from 3 to 10% S. latitude. 
From 3* S. latitude over the Arabian and Indian ſeas 


and Bay of Bengal, from Sumatra to the coaſt of 


Africa, there is another monſoon, blowing from 
October to April on the north-eaſt point, and in the 
other half year from the oppoſite direction. Between 
Madagaſcar and Africa, a fouth-ſouth-weſt wind blows 
from April to October, which, as you go more north- 


5 erly, becomes more weſterly, till it falls in with the 


weſt-ſouth-weſt winds; but the Dr. could not obtain 
a ſatisfactory account, how the winds are in the other 


half year. To the eaſtward of Sumatra and Malacca, 


on the north fide of the Equator along the coaſt of 
Cambodia and China, the monſoons blow and change at 
the ſame time as before- mentioned; but their directions 
are more northerly and ſoutherly. Theſe winds reach 
to the Philippine lands and to Japan. Between the 
fame Meridians, on the ſouth fide of the Equator, 
from Sumatra to New Guinea, the ſame monſoons 
are obſerved. The ſhifting of theſe TINA? is attended 
with great hurricanes. 


158. The eaſt wind about the Equator i is thus 


explained. The ſun moving from eaſt to weſt, the 
point of greateſt rarefaction of the air, by the heat 
of the ſun, muſt move in the ſame direction; and 

Vol. III. 1 the 
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country lying near the ſun prove to be flat, ſandy, 
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the point of greateſt rareſaction following the ſun, Pg 
air muſt continually ruſh in Tom the caſt and make a 


conſtant eaſt wind. | 
I 59. The conſtant echt eaſt wie on the north 


fide of the Equator, and ſouth-eaſt wind on the ſouth 


fide, may be thus accounted for. The air towards 
the poles being denſer than that at the Equator, will 


' continually ruſh towards the Equator ; but as the 


velocity of the different parts of the earth's ſurface, 
from it's rotation, increaſes as you approach the 
Equator, the- air which is ruſhing from the north 


towards the Equator will not continue upon the fame 


meridian, but it will be left behind; that is, in reſpect 
to the earth's ſurface, it will have a motion from 


the eaſt, and theſe two motions combined produce 


a north-eaſt wind on the north fide of the Equator. 
And in like manner, there muſt be a ſouth-eaſt 


wind on the fouth fide. The air which 1s thus 
continually moving from the Poles to the Equator, 


being rarefied when it comes there, aſcends to the 
top of the atmoſphere, and then returns back to 
the poles. _ 

160. The cauſe of the periodical winds i is rippoſed | 
to be owing to the courſe of the ſun northward and 
ſouthward of the Equator. Dr. Hattzy explains 
them thus, Seeing that fo great Continents do in- 
terpoſe and break the continuity of the Ocean, 
regard muſt be had to the nature of the ſoil and 
the poſition of the high mountains, which I ſuppoſe 
the two principal cauſes of the ſeveral variations of 
the winds, from the former general rule : for if a 


low | 
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low land, ſuch as the Deſarts of Libya are uſually 
reported to be, the heat occaſioned by the reflection 
of the ſun's beams, and the retention thereof in the 
ſand, is incredible to thoſe that have not felt it; 
Whereby the air being exceedingly rarefied, it is 
neceſſary that the cooler and more denſe air ſhould 
run thitherward to reſtore the equilibrium. This 
I take to be the cauſe, why near the coaſt of Guinea 
the wind always ſets in upon the land, blowing 
weſterly inſtead of eaſterly, there being ſufficient rea- 


ſon to believe, that the inland parts of Africa are 


prodigiouſly hot, ſince the northern borders thereof 
were ſo intemperate, as to give the antients cauſe 
to conclude, that all beyond the Tropic was made 

uninhabitable by exceſs of heat. From the ſame 
cauſe it happens, that there are ſo conſtant calms 
in that part of the ocean, called the rains. For this 
tract being placed in the middle, between the 
weſterly winds blowing on the coaſt of Guinea, and 
the eaſterly trade winds blowing to the weſtwards 


thereof, the tendency of the air here is indifferent 


to either, and ſo ſtands in equilibrio between both; 
and the weight of the incumbent atmoſphere being 
diminiſhed by the continual contrary winds blowing 
from hence, is the reaſon that the air. here holds 


not the copious Vapour it receives, but lets it fall 


into ſo frequent rains. 
As the cool and denſe air, by could ol its greater 


gravity, preſſes upon the hot and rarefied, tis de- 
monſtrative that this latter muſt aſcend in a con- 


tinual ſtream as faſt as it is rarefied, and that being 


aſcended it muſt diſperſe itſelf to preſerve the æqui- 
I 2 5 librium, 
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© ON WINDS. 
librium,” that is, by a contrary current, the upper 
air muſt move from thoſe parts where the greateſt 
heat is: So by a kind of circulation, the N. E. 
trade wind below, will be attended with a S. W. 
above, and the S. E. with a N. W. wind above. 
And that this is more than a bare conjecture, the 
almoſt inſtantaneous change of the wind to the 
oppoſite point, which is frequently found in paſſing 
the limits of the trade winds, ſeems: to aflure us; 
but that which above all confirms this hypotheſis is 
the phenomenon of the monſoons, by this means 
moſt eaſily ſolved, and without it hardly explicable. 
Suppoſing therefore ſuch a circulation as above, tis 
to be conſidered that to the northward of the Indian 
Ocean there is every where land within the uſual 
limits of the latitude of 30, viz. Arabia, Perſia, 
India, &c. which for the ſame reaſon as the medi- 
terranean parts of Africa are ſubject to unſufferable 
heats when the ſun is to the north, paſſing nearly 
vertical, but yet are temperate enough when the ſun 
is removed towards the other tropic; becauſe of 4 
ridge of mountains at ſome diſtance within the land, 
laid to be frequently in winter covered with ſnow, 
over which the air, as it paſſes, muſt needs be much 
chilled. Hence it comes to paſs, that the air coming, 
according to the general rule, out of the N. E. in 
the Indian ſeas, is ſometimes hotter, ſometimes colder 
than that which by this circulation is returned out 
of the S. W. and by confequence, ſometimes the 
under current or wind is from N. E. ſometimes from 
the S. W. as is clear from the times wherein theſe 
winds ſet in, viz. in April, when the fun begins to 

warm 
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warm thoſe countries to the north, the S. W. mon- 
ſoon begins, and blows during the heats till October, 


when the ſun being retired, and all things growing 


cooler northward, and the heat increafing to the 
ſouth, the N. E. winds enter 9855 blow: all che winter 
till April again. | 

And it is ee 421 the Gries principle 
that to the ſouthward of the Equator, -in part of 
the [ndian Ocean, the N. W. wind ſucceeds the 
S. E. when the ſun draws near the Tropric of Capri- 
corn. But I muſt confeſs, that in this latter occurs 
a difficulty not well to be accounted for, which is, 
why this change of the monſoons ſhould be any 


more in this Ocean, than in the ſame latitudes in the 


Ethiopic, where there is nothing more certain than 
a S. E. wind all the year. 

Tis likewiſe very hard to conceive, why the limits 
of the trade-wind ſhould be fixt about the 3o® deg. 
of latitude all round the globe; and that they ſhould 
ſo ſeldom tranſgreſs or fall ſhort of thoſe bounds ; 


as alſo that in the Indian ſea, only the northern part 


ſhould be ſubject to the changeable monſoons, and in 
the ſouthern there be a conſtant S. E.“ 


161. We may further add, that the cauſes 'men- 
tioned" in the laſt article, muſt here alſo operate. 
There may perhaps be ſome caſes of theſe periodi- 
cal winds, which we cannot ſee altogether a correct 
ſolution of ; but if all the circumſtances of ſituation, 
heat, cold, &c. were known, there is no reaſon to 
doubt but that they might be accounted for from 


the principles here delivered 


13 162. We 
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162. We may further obſerve in aa to the 
direction in which winds blow, that if a current ſet 
off in any one direction, north-eaſt for inſtance, and 
move in a great circle, it will not continue to move 
on that point of the compaſs, becauſe a great circle 
will not meet all the meridians at the ſame angle, 
the meridians not being parallel. This circumſtance 
muſt therefore enter into our conſideration in eſti- 
mating the direction of the wind. High mountains 
are alſo obſerved to turn the winds into a particular 
courſe. On the lake of Geneva, there are only 
two winds, that is, either up or down the valley. 
And the like is known to happen at other ſuch 
places. 

163. The ater and periodical wk vida only at 
ſea; at land, the wind 1s always variable. 

164. Beſides the winds already mentioned, there 
are others called Land and Sea Breezes. The air 
over the land being hotter during the day, than the 
air over the ſea, a current of air will ſet in from the 
ſea to the land by day; but the air over the land 
being colder than that over the ſea at night, the 
current at that time will be from the land to the 
ſea. This 1s very remarkable in Iſlands ſituated be- 
tween the tropics, 

165. Mr, CL ARE exemplifies this by the follow 
ing experiment. In the middle of a veſſel of water, 
place a water-plate of warm water, the water in 
the veſſel repreſenting the ocean, and the plate, 
the iſland rarefying the air over it. Then hold a 
lighted candle over the cold water, and blow it 
out, and the ſmoke will move towards the plate. 


But 


oN SOUND. 
But if the plate be cold, and the ambient fluid. 


be warm, the ſmoke will move in the contrary 
direction. 


166. Dr. Daun dl, from repeated obſervations 


upon the motion of light, downy feathers, found 
that the greateſt velocity of wind was not above 60 
miles in an hour. But Mr. Brice juſtly obſerves, 


that ſuch experiments muſt be ſubje& to great in- 


accuracy, as the feathers cannot proceed in a ſtraight 
line ; he therefore eſtimates the velocity by means of 
the ſhadow of a cloud over the earth ; by which he 
found, that in a great ſtorm the wind moved 63 miles 


in an hour; when it blows a freſh gale, at the rate 


of 21 miles an hour; and in a ſmall breeze, at the 


rate of about 10 miles in an hour. But this method 


takes for granted, that the clouds move as faſt as the 


wind. It is probable that the velocity is ſomething 


more than what 1s here ſtated. 


Proe. LXXVIII. 


To explain the Nature of Sound. 


| 167. Sound is a ſenſation excited by the vibrations 
of the air upon the tympanum or drum of the ear. 
That the air is the inſtrument by which ſound is 
conveyed from the ſonorous body is manifeſt from 
hence, that no ſound can be produced if the body 
be in a vacuum, or if there be a vacuum between 
the body and the ear. 

168. By percuſſion, the parts of a ſonorous body, 
as a bell, a muſical ſtring, &c. are put into a ſtate of 
I 4 | | vibra- 
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vibration, and as long as the vibrations are continued, 
correſponding vibrations are communicated to the 
air; and found is heard, as long as the vibrations are 
ſtrong enough to produce the ſenſation. All ſono- 
rous bodies are therefore elaſtic. The manner in 
which the vibrations are excited in the air is ſo clearly 
deſcribed by Mr. Corxs, that I cannot do better 
than give the account in his own words. « The 
parts of the ſonorous body, being put into a tre- 
mulous and vibrating motion, are by turns moved 
forwards and backwards. Now as they go forwards 
they muſt. of neceſſity preſs upon the parts of the 
air to which they are contiguous, and force them alſo 
to move forwards in the ſame direction with them- 
ſelves; and conſequently thoſe contiguous parts will 
at that time be condenſed ;- then as the parts of the 
ſonorous body return back again, the parts of the 
air which were juſt before condenſed, will be per- 
mitted to return with them, and by returning they 
will again expand themſelves. It is manifeſt there- 
fore, that the contiguous parts of the air will go 
forwards and backwards by turns, and be ſubject 
to the like vibrating motion with the part * the 
ſonorous body. 

« And as the ſonorous body produces a vibrating 
motion in the contiguous parts of the air, ſo will 
theſe parts thus agitated, in like manner produce a 
vibrating motion in the next parts, and thoſe in the 
next, and ſo on continually. And as the firſt parts 
wer? condenſed in their progreſs, and- relaxed in 
their regreſs, ſo will the other parts, as often as they 
go forwards, be condenſed, and as often as they go 


backwards, be relaxed. And therefore they will not 
all 


0 -in 137 
all go forwards together, and all go backwards to- 
gether; for then their reſpective diſtances would 


always be the ſame, and conſequently they could not 
be rarefied and condenſed by turns; but meeting 


each other when they are condenſed, and going from 


each other when they are rarefied, they muſt neceſ- 
ſarily one part of them go forwards whilſt the other 
goes backwards, by alternate changes from the firſt 
to the laſt. 


* No the parts which go PRIN and by going 


forwards are condenſed, conſtitute thoſe pulſes which 


ſtrike upon our organs of hearing, and other obſta- _ 
cles they meet with; and therefore a ſucceffion of 


pulſes will be propagated from the fonorous body. 
And becauſe the vibrations of the ſonorous body 
follow each other at equal intervals of time, the 
pulſes which are excited by thoſe ſeveral vibrations, 
will alſo ſucceed each other at the ſame equal in- 
tervals.“ 

| 169. As, when a fluid is put in motion, that 
motion is communicated in all directions, Sound 
muſt be propagated in all directions from a ſonorous 
body as a center, in concentric ſuperficies, or ſhells of 


air, called Aerie! Pulſes, or Waves of Air, analogous, 


as ſuppoſed by ſome, to the circular waves produced 
on the furface' of water when a ſtone is thrown in. 


If the found be impeded by a body which has a 


hole, the waves paſs through, and diverge from 
it as a new center, and the ſound is heard on all 
parts on the other fide of the body. | 

170. The law by which the force of ſound de- 
creaſes as you recede from the ſonorous body, is not 
eaſy to be determined by theory, It has „n uſually 
e | eſti- 
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eſtimated, by Aividing the ſurrounding air into ſhells 
of an equal thicknels, and ſuppoſing theſe ſhells to 
act upon each other, as ſo many elaſtic bodies would; 
but it is probable that this is a ſuppoſition very far 
_ diſtant from the truth. The utmoſt diſtance at 
which' a ſound has been heard, is about 200 miles. 
This was "obſerved in the war between England and 
Holland, in the year 1672. The unaſſiſted human 
voice has been. heard from Old to New Gibraltar, 
a diſtance of 10 or 12 miles; the watch-word, Alls 
zwell, given at the latter, in a ſtill night, having been 
heard at the former. In both theſe caſes, the ſound 
| paſſed over the water; and it is found, that ſound will 


always be conveyed much further along a ſmooth, than 


a rough ſurface. | 

171. The velocity of ſound, produced 550 all 
bodies, is found by experiment to be 1142 feet in 
a ſecond, ſubje& to a ſmall variation from the courſe 
of the wind. Dr. Dexnam determined this very 


accurately, by placing cannon at different diſtances, 


and firing them, and obſerving the interval between 
the flaſh'and the report. And thus he alſo found 
that ſound (or rather the pulſes of air which excite 
it) moves uniformly ; it being always found, that the 
interval was in proportion to the diſtance, Sir I. 


| NeEwrToNn determined the velocity of found by 
Theory; with which if the reader wiſh to be ac- 
quainted, he may conſult the PRINCIPTA, Lib. 2. 
Prop. 47. A very ſtrong wind is found to alter the 


velocity of ſound by about 2 of the whole; to be 


added when the direction of the wind and ſound 


coincide, and lubctraced, when they oppoſe cach 
other. es 


172. Sound 
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172. Sound is conveyed to the greateſt Aiſtarice 
by a trumpet, called a ſpeaking or Pentorophonit trum- 
pet, the form of which is like that figure which would 
be generated by any part of the logarithmie curve 
revolving about it's axis, the mouth being applied 
to the ſmaller end. The theory by which this is 


attempted to be proved, is ſubject to the objection 
mentioned in Art. 170. 


173. The ſame ſound is always excited, when the 


air is put into the ſame ſtate of vibration; that is, if 
a bell and muſical ſtring make the air vibrate the 
ſame number of times in a ſecond, they excite the ſame 
tone. And as the ſame ſonorous body performs all 
it's vibrations in the ſame time, whether greater or 
leſs, the ſame body will always give the ſame tone, 
whether the percuffive ftroke be greater or leſs. The 
ſlower the vibration, the deeper or graver is the tone. 
But we mean not here to enter into the inyeſtigation 


of the times of vibration of muſical ſtrings ; a ſub- 


je& of conſiderable difficulty, and therefore not pro- 
per for an elementary treatiſe. If the reader wiſh for 
any information upon the ſubject, I refer him to 
Mr. PARKINSON's Hyaroftatics 3 or Dr. SMITH's 
Harmonics. 
174. The reflection of the vibrations of the air 
from any fixed object to the ear, will cauſe a ſound 
diſtinct from that which is cauſed by the vibrations 
coming directly to the ear; and this is called an Echo. 
If the diſtance of the object which returns the echo 
be great, it will return ſeveral ſyllables. A ſingle 


ſyllable will not be clearly returned unleſs the diſtance 


of the object be at leaſt 120 feet; and ſo in propor- 
tion. Hence an echo * ten ſyllables muſt 
Soy come 
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come from an object 1200 feet diſtant. More 01 


lables however will be returned by night than by day, | 
becauſe che air being then colder, is denſer, in which 


cafe, the return of the vibrations become ſlower, and 


Wr more ſyllables may be heard. 


Pur. LXXIX. 


To explain the aſcent of 2 aponrs, 1250 the origin of 


$ prin 19s 


175. Vapours are raiſed from the furface of the 
water; the principal cauſe of which is, probably, the 


heat of the ſun, the evaporation being always great- 


eſt when the heat is the greateſt. The difficulty of 


ſolving the phænomenon ariſes from hence, that we 
find a heavier fluid (water) ſuſpended in a lighter 
fluid (air), contrary to our foregoing principles. 


176. Dr. HALLE ſuppoſed, that by the action of 


the ſun upon the ſurface of the water, the aqueous 
particles become formed into hollow bubbles filled 
with warm, and rarefied air, ſo as to make the whole 
bulk ſpecifically lighter than the air, in which caſe the 
particles will (Art. 45.) aſcend. But there is a great 
difficulty is conceiving how this can be effected. 
And if bubbles could be 47 fr/ thus formed, when 
they aſcend, the air within would very ſoon be re- 
duced to the ſame temperature of the air without, 
and they would immediately deſcend upon that effect 
taking place. Another opinion is, that the particles 


of water are ſeparated by a repulſive force, which is 


increaſed in proportion as the heat is increaſed, and 


thus they are diſperſed through the air; but the ſame 
argument 
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argument may be uſed againſt this hypotheſis, as 


againſt the laſt, that is, that this effect could not 


continue in the cold part of the atmoſphere. where 


the clouds are ſuſpended. The moſt probable ſup-  - 


poſition is, that evaporation. is a chemical ſolution 
of air in water. We know that metals are diſſolved 


in menſtruums, and their particles diffuſed, and ſuſ- 
pended in the fluid, although their ſpecific gravity 
be greater than that of the fluid. Heat promotes 
this ſolution; in the day time therefore the heat 


cauſes a more perfect ſolution than what can, cæteris 


paribus, take place in the night when the air is colder, 
when the heat is frequently not ſufficient to keep the 


water in a ſtate of ſolution, and it falls in fogs and 
dews. The vapours, thus raiſed by heat, aſcend into 
the. cold regions of the atmoſphere, and not being 
there kept in a ſtate of ſolution, they appear in the 
form of clouds; and when driven together ' by 


the agitation of the air, the particles run together 


into drops and fall down in rain. If they be frozen 
before they form themſelves into drops, they deſcend 
in ſnow; but if the drops of rain themſelves be 
frozen, they deſcend in hail, Sec HAMILTON , on 
the Aſeent of Vapours. 

177. MARRIOT TE ſuppoſed Springs to be owing to 
rain water and melted ſnow, which penetrating the 
ſurfaces of hills, and running by the ſide of clay or 
rocks which it cannot penetrate, at laſt comes to ſome 
place where it breaks out. This would account for 
the phænomenon, provided the ſupply from theſe 
cauſes was ſufficient ; but D. SipELEAu, and others, 
making an eſtimate of the quantity of rain and- ſnow 
which falls in the ſpace of a year, to ſee whether it 

would 
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would afford a quantity of water, equal to char which 
is annually diſcharged into the ſea by the rivers (which 
are ſupplied by ſprings), found that it would or. 
But Dr. HALLE diſcovered the cauſe of a ſufficient 
ſupply; for he has proved by experiment, that the 
vapours which are raiſed, afford a much greater ſupply 
than is neceſſary; we will give 0 account in his 
own words. 

278. © We took a pan of water cated to to the degree 
as is common ſea-water, by the ſolution of about a 
fortieth part of ſalt) about four inches deep, and 7 
inches 1 diameter, in which we placed a thermo- 
meter, and by means of a pan of coals, we brought the 
water to the ſame degree of heat which is obſerved to 
be that of the air in our hotteſt ſummers; the ther- 
mometer nicely ſhowing it. This done, we affixed 
the pan of water, with the thermometer in it, to one 
end of the beam of the ſcales, and exactly counter- 
poiſed it with weights in the other ſcale; and by the 
application or removal of the pan of coals, we found 
it very eaſy to maintain the water in the ſame degree 
of heat preciſely. Doing thus, we found the weight 
of the water ſenlibly to decreaſe; and at the end of 
two hours we obſerved, that there wanted half an 
ounce troy, -all but 7 grains, or 233 grains of water, 
which in that time had gone off in vapour; tho' one 
could hardly perceive it ſmoak, and the water was 
not ſenſibly warm. This quantity in ſo ſhort a time 
| ſeemed very conſiderable, being little leſs than 6 
ounces in 24 hours, from ſo ſmall a ſurface as a circle 
of 8 inches diameter. To reduce this experiment 
to an exact calculus, and determine the thickneſs of 


the ſkin of water that had ſo evaporated, I aſſume 
| the 
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the experiment alledged by Dr. Epw. BERNARD to 
have been made in the Oxford Society, v. that the 
cube foot Engli/h of water weighs exactly 76 pounds 
troy ; this divided by 1728, the number of inches in 
a foot, will give 2532 grains, or half ounce 137 grains 
for the weight of a cube inch of water; wherefore 


the weight of 233 grains is =, or 3 : parts of 38 of a 


cube inch of water. Now the area of the circle, 
whoſe diameter is 7 fs inches, is 49 ſquare inches; 


by which dividing the quantity of water e 


viz. 92 of an inch, the quote 35 r= | ſhews chat 


38 1862 
the thickneſs of the water evaporated was the 330 part 
of an inch: But we will ſuppoſe it only the 60 part, 
for the. facility of calculation. If therefore water as 
warm as the air in ſummer, exhales the thickneſs of 
a 60® part of an inch in two hours from it's whole 


ſurface, in 12 hours it will exhale 75 of an inch; 


which quantity will be found abundantly ſufficient to 
ſerve for all the rains, ſprings, and dews, and account 
for the Caſpian Sea's being always at a ſtand, neither 
waſting nor overflowing; as likewiſe for the current 
ſaid to ſet always in, at the Straights of Gibraltar, 


tho? thoſe Mediterranean Seas receive ſo many, and ſo 


conſiderable rivers. 

179. © To eſtimate the quantity of water ariſing in 
vapours out of the ſea, I think I ought to conſider it 
only for the time the ſun is up, for that the dews return 
in the night as much, if not more vapours than are then 
emitted; and in ſummer the days being longer than 


twelve 


* — 
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twelve hours, this exceſs is balanced by the weaker 
action of the ſun, eſpecially when bon, before the 


3 18 warmed : So that if I allow 75 of an inch of | 


the ſurface of the ſea to be raiſed per diem in vapours, 
it may not be an improbable conjecture. | 
| Upon this ſuppoſition, every 10 ſquare inches of 
the ſurface of the water yields in vapour per diem a 
cube inch of water; and each ſquare foot, half a wine 
pint; every ſpace of 4 feet ſquare, a gallon; a mile 
ſquare, 6914 tons; a ſquare degree, ſuppoſe of 69 
Engliſh miles, will evaporate 33 millions of tuns: And 
if the Mediterranean be eſtimated at 40 degrees long 
and 4 broad, allowances being made for the places 
where it is broader by thoſe where it is narrower, (and 
I am ſure I gueſs at the leaſt) there will be 160 ſquare 
degrees of ſea; and conſequently the whole Mediter- 
ranean muſt loſe in vapour, in a ſummer's day, at 
leaſt 5280 millions of tuns. And this quantity of 
vapour, though very great, is as little as can be con- 
cluded from the experiment produced: And yet there 
remains another cauſe, which cannot be reduced to 
the rule, I mean the winds, whereby the ſurface of 
the water is licked up, ſomewhat faſter than it exhales 
by the heat of the ſun, as it is well known to thoſe 
that have conſidered thoſe drying winds which blow 
fometimes. 

The Mediterranean receives theſe conſiderable 
rivers; the Therus, the Rhone, the Tiber, the Po, the 
Danube, the Niefter, the Boryſthenes, the Tanais, and 
the Nile, all the reſt being of no great note, and 
their quantity of water inconſiderable. We will ſup- 
| - poſe 


ON VAPOURS AND SPRINGS. 145 
poſe each of theſe nine rivers to bring down ten times 
as much water as the river Thames, not that any of 
them is ſo great in reality, but to comprehend with 
them all the ſmall rivulets that fall into the ſea, which 
otherwiſe I know not how to allow for. 

« To caculate the water of the Thames, I aſſume that 
at Kingſton Bridge, where the flood never reaches, and 
the water always runs down, the breadth of the chan- 
nel is 100 yards, and it's depth 3, it being reduced to 
an equality, (in both which ſuppoſitions I am ſure I 
take with the moſt.) Hence the profile of the water 
in this place is 300 ſquare yards: This multiplied by 
48 miles, (which I allow the water to run in 24 
hours, at 2 miles in an hour) or 84480 yards, gives 
25344000 cubic yards of water to be evacuated every 
day, that is 20300000 tons per diem; and I doubt 
not but in the exceſs of my meaſure of the channel of 
the river, I have made more than ſufficient allowance 
for the waters of the Brent, the Wandel, the Lea, and 
Darwent, which are all worth notice, that fall into 
the Thames below King ſton. 

No if each of the aforeſaid nine rivers yield ten 
times as much water as the Thames doth, twill follow 
that each of them yields but 203 millions of 'tons per 
diem, and the whole nine but 1827 millions of tons 
in a day; which is but little more than 5 of what is 
proved to be raiſed in boy aac out of the Meditere 
rauean in twelve hours time.” 

180. Beſides the Conſtant Springs, chere are others 
which ebb and flow alternately, which may thus be 
accounted for. The water, before it breaks out, may 
meet with a large cayity on the fide of the hill, and 
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the water, upon the overflowing of this reſervoir, may 
find an aperture, and make it's eſcape; in caſe of dry 
weather, therefore, the ſupply of water may not be 
_ fafficient to keep it full, in which caſe, the ſpring will 
ceaſe to flow, and continue dry, till a ſupply cauſes it 
overflow, and produce again the — 
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Pad 3, line 22, for eaſiy, read ea 
= line , for 2 45. 
1 6, line 18, for o xx, read oXoz, | 
| 19, line 11, for (Art. 17), read (Art. 18). 
206, line 14, for V=5787, read Mr, 5787. 
28, line 16, for (Art. 39), read (Art. 38). 
33» line 5, for (Art. 43), read (Art. 42). 
35, line 1, for H, read P. | 
4D, line 4, for BCD, read iin. BCD. 
48, line 6, for CM, read Pm?*. 
75, line 5, for a, e, | 
76, laſt line, for @::5:: &2:'c:: 03: d: dug. 
read a re es 4 CLI 
77, line 19, for (PRO. 57), read (Prop. 58). 
1328, line 10, for Pacific, read Atlantic. 
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